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Thig book is devoted to an exposition of the methods used
in powder meballvrgy, the technology of manufactwring metalloe

ceramic products, and data on the use of metalloceramic materials.

The book is lntended for engineers working in diifecent
branc:lm?éf.‘ macbine-md[ch\ing and mebal-processing industries, for
sclentific workers, for students in advanced courses at machinew
and metallurglcal higher technical institutes, and for speclalists

in the metalloceramic industry. ‘

fleviewersy Professor Doctor ol ischniceal Sciences V, I.

Prosvirin, Candidate of Technical Sciences, M. K. Hybal'chenko,
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Editor M. N. Kun yavekly

Main Editorial Board for Literature on Heavy and Gensral

Machine=Building Chief Lditor 0. Ve BILANOV,
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the Memory of the
Founder of Powder MYetallurgy
vyevich Sobolevakiy

(1781-1841)
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aifficult a probleme. It ia much more practical to complle a
book aimed at presenting the more essential data to a definlte

cirels of readers.

The author of the present bock has tried to acquaint
wide circles of enginesering and technical workers in different
fields of machine building and metal-processing with the nethods
and poseibilities of powder metallurgy and with the uses of

metalloceramic materialse

At first powder metallurgy as a branch of science and
technology was not broken down into powder metallurgy (manufac—
turing of products), the metallurgy of powders (manufacture of
powders), and powder me‘ballogréphy (the theory of powder metal-

lurgy)e At present it is not only possible but necessary to

put out a separate special monography on the mebtallurgy of powders;
there has already been published a book on powder metallographys
However, a book which is meant not only for speeialists but also
for non-specialists in powder metallurgy cammot give an exposi-
tion of the technology of production and the use of metallo—
ceramic materials without acquainting one with the elements of

the metallurgy of powders and powder metallographys For this
reason. it has also been necessary to include in the book brief

and far frem complete data on the fabrication of powders and on

the theory of powder metallurgy.

The main part of the book was written in 1946. The time of
its compilation and publicstica coincides with jubilee data on
powder metallurgys In 1826 our precursors Pe G. Sobolevskiy and

Vo Vo Iyubarskiy set up metalloceramic production for the first

i
&
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time in the worlds In 1827, 120 yoars 850, Sobolevekiy pub=

Jighed the flrsb work to appear on powder netallureys

In compiling the book use was made of both our own and
foreign 8oUrces which had been published for the most part
prior to Decambar of 1946e Toward the end of 1947, while the
hook was in process of velng published, there appearsd moat
snteresting vorke by Ao Ie Gerding Me Ce Opabino and Ve Ge
Filimonov, Ve Se Homtkin, Ps Po Shipulina, Ge Ko Vainshioyny
and Be Po ¥itrening L He gedorchenkes In commection with thie
there were included certaln gnendnents during the proof=read-

ing of the booke

The author considers it a pleasant task, to express s
gratitude to & nunber of persond woo alded him in the compila-
tiqm of the booke He i especially greateful to Corresponding
Membsr of AN USSR Ie 4, Oding, Prefecsor Doctor Tae Se Unanskiyy
Engineer Ps Le Bebnav, ¥e Ts pessudnowa, Ve Ve grigoriyeva, M (o
Grubino, Ae Fe Koshelev, Ve e ¥41imonov, Le He Chulkov, and
the reviewers of the book, Professor Doctor Ve Ie Prosviring
candidate Techrical Sclences e Ko Rybal'chenko and the editor

Docont Me Ne Dunyavskiye

Me Yue Baltshine
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Chapter I

INTRODUCTION
BASIC CONSIDERATIONS

By powder metallurgy or metalloceramics is mean{that branch
of technology which deals with the manufacture of products fraw

metallic powderse

A fundawental aspect of metalloceramic technology consists
in pressing a proper mixture of powders and in thermal treatment,
so—called baking, of the compacts so obtained at a temperature
below the melting point of the basic component part of the mix-
ture. The pressing is done in steel press molds at a pressure
of 1,000-6,000 kilograms per square centimeter. Thelaking teme
perature for the majorityof pure metals is 2/3 to 3/4 of ‘their
absolute melting point. The baking of many alloys is often done
at a temperature slightly above the melting point of the most

easlly fusible component.

After baking, products generally havea certain porosity
(varjing from several percent to 30-40 perceﬁt, and in speclal
cases even as high as 60 percemt). An additional processing by
means of campression (eold or hot) of baked products is done in
meny cases to decrease this porosity, to improve mechanical
properties aﬂ’{'to attain precise measurements. Sometimes there is
also a supplementary heat treating of baked products (such as
cementation)s In makingA carbonyl iron and steels the pressing
operation is not used; instead, non-pressed pcwders are poured

into the necessary forms and then baked. In other cases, such
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as fabricating porous jpon for calking pipes, the baking opera=
tion is not useds Finally, pressing and baking are sometimes
conbined into a single operatlon of sowcalled hot pressing -~
canpressing under heate ¥Figure 1 depicts in the form of a chart

geveral variations of metalloceramic technologye

The term tnetalloceramics® 18 based on the resemblance of
tachnological methods in powder metallurgy to those of ceramlc
production. In connection with the expression smetalloceramica®y
many persons nob sufficiently versed in the subject have an
erroneous idea that metalloceramie materisls consist of 8 mexture
of metal with cersmic substances, The term "powder metallurgy®
in its turn evokes an erroneous concepblon of our specialty as
being & branch of metallurgye In reallty metalloceramics is a
branch not of metallurgy but of metalworkinge In our opinion a
more precise and sccurate term would be the expression "powder
metalworking"s Nevertheless, we make use in the book of the
not-so~happy but widely used terms "powder metallurgy® and

tpetalloceramics®e
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Figure l. Variations of Metalloceramic Technology s

.
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1 « basic method; 2 = making bearings, Jetalls, tungsten, 6l0e}

3 = obtailning cartein contact roborials, alloys of iron with
copper, et0s; 4s 5 = production of hard alloys; 6 = omission of
baking (porous iron for calking pipes)s 7, 8 - omission of pressing
operation (7 - filters, g8 - carbon iren); 9 = hot presaing

(hard alloys, damong=metallic compositions)s

THE ROLE OF WETALLOCERAMIC MATERIALS IN MODERN T RCHN OLOGY

The production of metalloceramic products at the prasent
time is still quantitatively very small == less than Ol percent
of the total production of metals. However, one cannot concelve
preépaﬂ*b technology without the exlstence of metalloceramic pro=

duotee

It is sufficient to point out the following fields of
application. Inca@descent filaments for electric bulbs and netal
parts for radic tubes are mede from powders of refractory metals
- tungsten, molybdenum, and tentalumby methods of powder metall~
urgye Copper-graphj.te brushes for dynamos and electric motors
are also made by means of metalloceramicse. The use of cores for
induchion coils made fromiron powders insulated with plastic has
made it possible to produce easily portable radio sets for tanks
and airplanes. Present metalloceramic hard alloys, introduced
in 1927, have caused a veritable revolution in the processing of
metals by machinery end compression and in mining. The use of
such alloys has made it possible to increase the speed of machin-

ing metals by approximately ten tinese Hetalloeeramic hard alloys
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have considerably widened the field portaining to the cutting of
materialse Ab the present time hardealloy cutters are uged
successfully in the machining of alloys having & hardness of 550
according to Brinell. The cruising speed, of alrplanes has been
increased during a relatively short period from 150 to more than
n00 kilometers per hour. However, the landing speed of alr-
planes must remaln at the former 1imit becawe it is impractical
4o increase the size of landing fields. In this connection the
problem of finding new effectlve materials for braking had become
extremely acute, This problem was resolved by producing metal-
loceramic friction materials from copper, tin, lead, and graphite
powders. Metalloceramic friction disks are widely used at the
present time in airplanes, tanks, tractors, autobuses, etce
Porous metalloceramic bearings resolved a number of difficulties
in those cases where regular lubricstion was impossiblae
Metalloceramic porous filters made it possible to decrease con—
siderably the size and welght of installations for filtering fuel
and oils for aircraft and automobile engines, for ship and stationary
diﬁ)ﬁl engines, etc. The methods of powder netallurgy are in
many cases much more practical than others for mass production
of parts. In order to illustrate the importance of powder
metallurgy in machine building today it may be pointed out that
a heavy bomber has more than 4,000 and a present-day automeoblle

more than 100 metalloceramic partse.

The use of metalloceramic materials is most important in
defense technology. During the last war bullets and shells with

armor-piercing metalloceramic cores were included in the armaments

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8
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of all armies (139)e These bullete and shells played a notedin=
sigznificant role in the bed1liant victories of the armed forcen of

the Soviet Union in the Great Fatherland War (13)

Today we are in the era of atomic energys The obtaining of
atomic energy is inevitably tied to work with rsdiosctive substances
-- gynthetic or naturale. The protectio: of persormel from the
harmful action of radicactivityremeins a most acute problem.
1ead is imadeguate for screens and containers which absorb such
radiation because of its relatively low specific gravity (12.3
grams per cubic centimeter) and also because of its inadequate
physical durabilitye. Containers for radioactive naterials
are made in ingland and the US from so~called heavy alloys
(waose specific gravity ig about 17 grams per cubic centimeter)
obtained by metalloceramics from tungsten, copper, and nickel

powderse

The examples clted above far from exhawst all fMelds using
metalloceramic materials in contemporary technology. Types and
applications of metalloceremic products are described in greater
detail in chapters %=-iVIII. Here ve are 1imiting ourselves
solely to pointing out the extremely wide diversity of products
made &t the present time from neballoceranic mgterials, Besides
refractory metals, such as tungsten, molybdenum, tantalum,
powder metallurgy has also used easily fusible metals like tin
and leads The techniques of meta]_.loceramics produce the more
refractory alloys on the case of refractory carbides and the
softest materials, such as highly-porous iron vhich has the hard-

ness of lead. Powder metallurgy makes it possible to obtain the
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most heavy (tungsten, wranivm, heavy alloys of tungsten) as well as
the lightest metals (berillium, magnesiun alloys, porous alumi-

num). Materials are manufactured from powders which have & wide
range of porosity (from 60 percent to zero) and mechanical properties.
Thus we can produce at will from iron powder materials which have

the characteristics of either iron, bronze, or even lead. Finally,
powder metallurgy mekes 1t possible to manufacture a wide variety

of muerials, such as lead-—graphite, metal--plastics, etce

Figure 2 shows a group of metalloceramic parts which give a general
idea of the variety in the selection of products that can be

produced by the methods of powder metallurgye

The role of powder netallurgy in technology will doubte
less grow even more in the near future. On the one hand, as
metalloceramic technology becomes less expensive and more improved,
there should be an increase in the competitive value of powder
metallurgy in the field of products that are already in existencej
on the other hand, technology should make a demand in the near
future for new materdals in the production of which metalloceras
mics has definite advantages. Thus it is certain that powder
metallurgy will play an important part in the production of heate

resisting materials useful for work in high temperatures (154)

ADVANTAGES OF POWDER METALLURGY

The development of powder metallurgy has been conditioned
in the main by two basic advantages of metalloceramic technology,

namely:

- 1]
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(1) the possibility of fabricating materials thet cennot be
produced in the usval way}
(2) the possibility of obtalning materials in the form of

ready parts not requiring further machining (Figure 2)e

The methods of powder metallurgy made it possible to
produce such important paterials as refractory metals (tungsten,
moLybdenum tantalum, niobium), alloys with a high content of
refractory metals, compositions of metals which do not mix with
each other in the 1ligquid state or which have large differences
in their melting points (such as fungsten—coopeT, iron-—lead),
compositions of metals and non-metals ( copper-graphi te, iron=—
plaati?,s’?,/ netal—diamond); porous mebals (bearings, filters),
etece Powder meta:lurgy is the exclusive method for their mamu-
facture, inasmuch as such materials cannot be obtained ordinarilys
Metalloceramics in this way makes 1t possible to produce new
industrial materialse The advantages of powder metallurgy may
be iilustrated graphically by citing present=day metalloceramic
hard alloys based on tungsten carbide (92-94 percent tungsten
carbide WG and 6-8 percent cobalt). Such alloys are sintered at

1,400 degreess
Figure 2. Various Metalloceramic Producta.
A temperature of 3,000 degrees would have been required to
meke them by casting methodss Myreover, because of coarseness,

defects of casting (of pouring or mold), and the splitting of

tungsta carbide WC imto WoC and graphite, the quality of castings
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of hard alloys is meny times inferior to those of netalloceramicss
Tiesigtance of hard-alloy castings to bending (R0-30 kilograms per
square millimeter) ie 5ty times less than for metall\%;'amicti
(1R0~180 kilogrames per Square pillimeter). Floally, netalloceramlic
hard alloys are produced in the form of finished plates which do
ot require further machiping and which for such cases would

present exceptional dl fficulties.

Powder metallurgy makes it possible to obtain finished
products (Figure 2) which do not require further machining with
third or second, and, in some cases, first degree of precision.
Tis factor makes for a number of important economic advantages —
speeding up of the process of fabrieating parts, reducing working
time, releasing a considerabls percentage of metal-working
machines and decreasing capital expenditures, through no loss
of metal to chip formation, which amounts %o 20-80 percent. of

‘the welght of the metal by other nethodse Metalloceramicé" today

is successfully competing with other methods of fabricating many parts

from nonferrous and ferrous metalsSe

Powder metallurgy results not only in a quantitative eco-
nomy of metal (no leoss to chip formations use in certain cases of
light porous metals, and longer durability) but also a qualitative
one (use of substitutes)e It has been pointed out above that
there can be produced from iron powder & metal possessing not
only the chracteristics of ordinary iron but also of bronze or

even lead.

There can thus be obtained from ordinary iron materials

—13-
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with new technmical characteristics allowing bronze to be replaced
in bearings, coppsy in snell collars, or lead in calking jointe

of water plpes.

In addition to the already cited advantages of powder metal-~
lurgy, a few others may be added, Powder metallurgy makes it
frepently possible to obtain with greater ease pure metals and
alloys of a given chemicalvcomposi*bion. Tn cast metals there is
inevitable a certain contamination through the admixtures of
reducing agents and materials used for lining furnaces and cruci-

bles, etce When baking metal powders, one can obtain in the

proper gaseous medium such high=quality metals and alloys as lron,
nickel, alloys of irom, nickel, molybdemum and cobalt, etc.s for

use in vacuum bechnology (167)e

Metalloceramic technology makes it possible in a number
of cases to more easily control gtructure and mechanical proper-
ties than with the ordinary methodse Thus, it is difficult to
obtein a fine-grained structure and satisfactory mechanical
properties for cast magnetic alloys of the type of alnico (iron,
aluminum, nickel, cobalt) (167) or cast berillium (166).

Powder metallurgy mekes it possible to produce such materials
with & fine-grained structure and with satisfactory mechanical

propertiess

LIMITATION FACTORS IN THE APPLICATION OF POWDER METALLURGY

Together with the advantages of metalloceramics one should

remember its disadvantegese These should be considered (176) as : ‘?
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factors that Limit the gpplication of povder metallurgye

The following may be considered to be ite princlpal defectss
(1) The relative high cost of metal powderse In certain cmses
(such as the reduction of casting "elkin®), the mamufacture of powders
is tied to considerable capital cxpendliuwress However, considerge
ble success has been recently schieved in lowaring manulacturing
cost of powders and decreasing capitel axpendituves,
(2) The difficulty of cbteining certain wetals and alloys
by means of metalloceramios, peytienlarly metals witch fom oxides
diffioudt to reduce, or metels with a high rate of evaporetion
&t beling temporsbures (sush as aluminum, zinc, alloys with g
high comtent of ailicon ¢r chromium)e However, these ALfiicule
ties are belng suscessfully overcome through techrlcal davalope
manbe Thus, 10 years ago it was considered impossible to nroduen
alunln.m and alloys with a igh content of aluwninun thwough the

uge of mothods of powder metallurygy.

A% the present time metalloceramlc products made from
aluninum and its alloys are being produced on an industrail scaloe
Production of alleys with e considerable content of zinc (brasses),
chromium (steinless stesls), etcs, has been estublished in the

HeM8 WaYe

(3) Lidtations as to dimensions of metallocersmic parts
both as to size and as to form in cormectlion with the specific
difficultdes involved in pressing metal powders, Howover, the
choice of products that are being manufactured is inersasing each
year because of ewift progress in the technology of preasing.

- Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8
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Five years ago the slze of metalloceramlc parts was linmlted ap=
proximately to 150 millimeters in height and diameter. At the
present time bsarings are being made that have a dilameter of

450 millimeters and a weight of 50 kilograms, plates longer than

3 and 1/2 meters, ingots welghing 2 tons, parts of such comnlicated
structure as gears, separators for ball bearings, etc. (see

Iigure 2).

(4) The need for baking in a reducing or protective ate
mosphere because of the higher oxidizability of metal powders as

compared with compact metalse

(5) The unprofitability of producing items of individual
size manufactured in swall quantltys. The production of such
products to precise dimensions is unprofitable because of the
high cost of press moldse Subsequent machine tooling of metal-
loceramics is also unprofitable because of the considerable amount

of powdered metal lost to chip formations

It has been pointed out above that the difficulties of
metalloceramic technology are being overcome by technological
progress, as a result of which the application of metalloceramic

materials is wideninge

However, it should be kept in mind that successes in other
branches may on the other hand render valeless the positive
features of metalloceramics in making certein materials and
thereby limit the application of powder metallurgy. Thus 120
years ago powder metallurgy was a method which practically held

& monopoly in the production of molleable platinum (see below),
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Today progress in high-temperature technology has caused powder
metallurgy to yield its place to the usual methods of emelting
and castinge

A FEW HISTORICAL FACTS

Tt is sometimes said that powder metallurgy is "as old as
the pyramids and as new as the present-day bomber®, Some truth is

to be found in this witticisme

Many authors (154, 167, 194) consider the precursors of
powder metallurgy to be the methods in manufacturing steel pro=-
ducts that have been used many thousands of years agoe In redu~
cing iron ore through the use of coal in primitive hearths in
ancient times it was impossible to achieve a temperature capable
of melting the iron. For this reason products were made by
hammering hot pieces of reduced iron. This method, which had
been used 1,600 years ago in Ipdia for making columns weighing
6 1/2 tons for the temple at Delhi, existed at the very least

3,000 years before our era.

There are 2 number of instances on record of the use by
ancient peoples of precious metal powders. Thus inscriptions
found in the tomb of the Bgyptian pharoah Tutankhamen (194)
point out that the handles of dagzers preserved in the tomb
were embroidered with powdered golds According to the findings
of Bergso (194), long before the dlscovery of America by
Columbus the Incas manufactured products by baking powders of
platinun 26-72 percent, gold 16-64 percent, silver 3-15 percent,

copper up to 4 percente

- 17 =
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However, all these paterials wore mede not by the_presemte
day method of baking powderd that had first been compressed, Dub
by hot forging of & paked powder masse Credit for the first in-
duatrisl application of present-ds methods of powder metallurgy
pelongs to the golentist Pe Co sobolevekiy (13, 51s 79, 110, 111,

112, 113, 123, 132)

ﬁlcture]

Pe (e Sobolevskiy

(1781-1841)

Petr Grigor'yevich Sobolevskiy, the son of Grigoriy
Fedorovich Sobolevekly, & professor of botany 8t Petersburg
University, was born in 1781e In 1824 he was decorated with the )
order of Viadimir, 4th degree, nfor his care and labors leading /
to the actual construction of the 'hermolamp' which up to now
nad not existed in Russia." In 1826 Sobolevskiy was appointed
“ober-—berg-probirer“ [Ehiei‘ essaylst/ of the Amalgamstied Iabora—
tory of the Department of Mining and Salt Affairs and the Mining
Cadet Corps and was asigned the problem of evolving & mathod for

obtaining pure platinume

It was not known at that time how to produce temperatures
nigh enough %0 nslt platinum (melting point 1770 de grees)s For
this reason it wes nscessary to use the indirect nethod of Akhard
(133) for obtaining platinume Arsenic was added to platinun to
lower its melting pointe The arsenic was later removed by & pro=
1onged oxidation annealinge Sobolevskly (110) described the

defects of Akhard!'s method in the fillowing manners
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"The prolonged duration of this method, requiring several
days to burn out a pound smelt of platinum, the grievous harm
that could resulb from arsenic fumes both to workers and 0 perw
sons 1iving in the nelghborhood, and, together with this, its
unreliability for with all our attempts and the efforts of the
foreman Sysoyev, W6 could not obtain a satisfactory plece of
platinun larger than 28 zolotniks, ~= all these factors togather
forced us to abandon such an unreliable method and to try to
find ancther more relisble ones Our efforts were not in vaine
We soon found ourselves quite happy to learn that our ‘dasire to
fulfill the wishes of our solicitous superiors was net with

complete Success ceel

The method developed by Sobolevskly from 12 to 24 May 1826
with the help of Yasiliy Vasiltyevich Iyubarskly (born in 1793,
died in 1852) consisted of the following, Platinum powder,
obtained by calcination of ammonium chloroplatinate, was pressed
into cylindriecal ingots, which, after baking, were gubjected to
an additional heat treatment by compressions Tis is how Sobo=

levskiy himself Jeseribed his method (110).

#7his method consists of the following: We peat the puri-
fied sluminum in its spongy condition while it 1s eold quite
compactly into an iron ringshaped mold of arbitrary size, com=
press it with determined action byé:aans of a screw press, and
then, upon removing it from its mold, we have & solid disk with

a metallic lustere

ﬁ nThe platinum disk in this condition has yet no ductility,

—-19—
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while the cohesion of its pa.rticleSﬁdth respret to each other can=
not resist hard blows; it simply bieaks and crumbles, In order

to transform such disks into malleable platinmm, it is only neces-
sary to heat them to white neat and, at thi degree of heat, gub-
ject them to the pressure of the same press. Ona hlow iz suf-
ficlent to cause the platinun disk to completely change its state}
1ts granular structre becomes compact and it beccmes completely
malleable. The size of a disk makes no difference in any case, a
large or small disk, upon receifing a single blow, becomes evenly

malleable and ductile.

nFollowing this compression the disks ars forged into

strips or rods of the desired shape in the Bual way e.. "

A8 can be seen from Sobolevskiy's description, this method
is no different in principle from contemporary methods of obtain-

ing compact metalloceramic materials.

On 21 March (2 April) 1827 there took place a reading of
the description of the work of Sobol.vskiy and Lyubarskiy at a
grand session of the Learned Committee, Mining and Salt Division.
There wers exhibited tokens, medals, ingots welghing 6 pounds, wire,
cups, and crucibles, In the same yesr Sobolevskiy made public
his work in the Miming Journal (110). The Trowary beghn to sell
platimm produced by Sobolevskiy's method in ingots, gheets, and
wire already in the spring of 18217 at a cost of 75 rubles per
zolotmike On 19 August 1827 Micholas I approved the drawings
for the stamping of platimm coins, while on 24 Aiaril 1828

there wagsmade public a decree for stapping "a limited number”
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of platinum colnae Tayoe-puble colns were minted having a content

of 2 zolotniks noasassing 41 parte of pure platinum.

The Upvermment highly appreclated Sobolevskiy's services.
In 1829 & letter by the Minister of Finances Kankrin ghowed that
he was to recelve above his regular palary a-sum of 2,500 rubles
annually "As long as he repaing in service". In 1830 Sobolevskly

was chosen as Corresponding Member of the Academy of Sciencess
Sobolevak:y dled guddenly in Potersburg on 24 Ootober 1841

4 similar method for obbtaining platinua by pressing and
baking was made public in England by Woliaston (195) in 1829,
three years after Sobolevekiy hed completed his works Certain
foreign authors credit Wollaston with heving been the firgt to
develop contemporary metalloceramic technologys However even they
cannot deny the obvious fact thatb the first industrial epplication
of powder metallurgy belongs to the work-of Sobolevaskiy. Thus
Spith (194) writes that the minting of platinun coins by Sobo-
levskiyta methed "evidently was the first industrial anplication
of baking at high temparatures of powders that had first been
compressed in distinetion to earlier methods of hot presaing”.
Kiefer amd Gotop (167) also peint out that: "As far as it is
poseible to establish, platinum coins put out in 1826 vy the
Russian Ipperial Mint were the flrst industrial application of

powder metallurgye"

The meking of platinum coins by means of powder metallur-
gy in Russia wae carried on for 18 years, being stopped in 1846

by the Edict of 22 June 15450 During this time there were minted

-2l e
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coins to the amount of 4,25.,843 rubless An interesting desoripe
tion of the technology of production of metalloceramic platinun
wa8 published in 1843 by Kovan'ko (57),

The preparation of platinum by powder metallurgy methods
wag discontinued abroad in 1859 when St.-Clair-Deville began to
apply heating by oxygen-hydrogen flame for smelting platinume (194)

Powder metallurgy after this was baglecally forgotten (if one
does not consider the preparation of dental f£illings from meroury

amalgems of precious metals developed in 1855).

Powder metallurgy was again remembered only at the end of
the 19th century in connection with the falirication of metal
incandescent filaments for electric bulbs. (Consider:ble histori-
cal information on the production of incandescent filaments for
electric bulbs may be found in A. P, Ivanov!s book Electire Bulbs
and Their Manufacture (Eleoktricheskive lampy i ikh izgotovieniye)
(52)s The hard-alloy metal osmium was the flrst to be used for
this purposes Present-day metiods for fabricating drawn tungsten
filaments were developed about 1910,

Since then powder metallurgy has found consistent applica-
tion in the electrical industry. Further progress of metalloceramics
is also closely tied to this bLranch of industrye

Almost at the seme time that metalloceramic incandescent
filamemts came to be used, metalloceramic copper-graphite brushes
for dynamos and electric motors also were adopted (1900-1505)
During 1917-1921 there were developed methods for fsbricating
contact netal oceramic materials (tungsten—co;oper, tunggten-gilver

etcs)e The produdion of cores for induetion colls fram iron powder
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was begun during the time of the First World War. Pregent=-day
methods for fabricating magnetic cores from iron powder were de=

veloped during 1919-1921.

It is interesting to note that the electric bulb industry
also stood at the cradle of proegent-day metalloceramic ha}d
alloys., The process of drawing hard tungsten wire put very great
demards on the material of the wire draw plate. At that time
only diamond could meet these requirements. The first attempts
to replace diamonds by cast tungsten carbide were made in the
beginning of the 20th century. Then because of the difficulties
connected with obtalning cast carbide and its unsatisfactory

quality, tungsten carbide came to be produced by powder metal-
lurgy methods. The mechanical strength of beked pure tungsten
carbide was inadequate. Therefore in 1922 there came to be
added a small quantity of cobalt to tungsten carbide as a sticky
cementing metals This served a8 the foundation for fabricating

present-day hard alloys (167)

As early as 1909 there was proposed the use of porous
metalloceramic products for use as filters, b?;x'/:inga, atoe
However, porous bearings came to be used on an industrial scale
only about 1924 (194)s The first porous bearings were fabrieated
with tin bronze to which graphite had been added as a base. In

the 1930's porous bearings came 4o be made with iron as a base.

| One of the first uses of ultrasoft metals was highly
porous ironm replacing lead, as proposed in 1935 by Ballshin,
Borok, and Ol'khov (15)e In 1936 porous iron was used for

calking joints of pipes in place of leads

- 23 - ; _
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After 1936 there was started mess production of different emall
parts (see Chapter XVI) from iron and nonferrous nmetal powderse
During the war this production greatly increased and now is suc-
cessfully competing inmeny cases with the usual methods of

producing parts.

Turing the war, metalloceramic amorplercing bullets and

shells (13), shell collars (152), etc., Wwere used widely.

The production of gold and silver powder for decorative
purposes was known to anclent peoples and 1is described in a number
of mamscripts. One of the first mamfﬂzipts translated into
French by Bertello was written in Egypt more than 3,000 years
prior to our era. The manufacture of these powders was described

by Heraclius in a manuscript De_coloribus et artibus Romanorum,

by the Monk Theophile in the 1lth century, by Alessio Piemontese
in 1555, etc.

The first factory manufacture of brass and bronze powders
for decorative purposes was establighed about 100 years ago in
England by the well-known metallurgist Henry Bessemer. It is
interesting to note that the profits made by Bessemer from this
manufacture (300,000 pounds sterling) served as the foundation
for his wealth and made it possible for him to work upon the

invention of the Bessemer convertors

Of very great importace in the preparation of metalloceramic
products was the vorticity-mill method of grinding developed
about 1930 (see Chapter IT).

One may note the following facts applying to the dsvelopment
of powder matallurgye
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(1) In the history of metallurgy tha golden age preceded
the Lronze, and the bronze the iyon., In exactly the same way
is 1t true of powder metallurgy, for the precicus and rare metals
were obtained prior to nonferrous, and nonferrous prior to ferrovses
At the present time the emphasis in metalloceramliq technology is
to be found more than anmywhere else in the metallurgy of rave
metalse Metalloceramics enjoys a practical monopoly in the
nanufacture of rare refractory metals and alloys with litile wastee
A smaller proportion of metalloceranics is to be found in the
metallurgy of nonferrous metals and a 84111 smaller one in the

metallurgy of fervous metals,

(R) Metalloceranios was first used for cbtaining such
materials over which it exercisezed a monopoly. Only recently
have improvements and decreases in costs of its technology made
& it possible for it to conpete with the usual methods for the

mamfacture of metal productse

THE SCIENTIFIC FUNDAMENTALS OF POWDER METALLURGY

Metal powders whose particles vary In size i\?( 0¢l microns
to several millimeters occupy & middle position according to the
degree of division of mabter into structural elements be tween
collolds having particles smaller than 0¢l microns, and solid
bodies larger than sevemral millimeters in size. With reaspect to
the degree of cohesion of structural olements, powders slso
eceupy an intermediate position betwsen colleids and solid bodies,
Oolloidal particles are isolated from each other by an inter

mediate medium. The gramiles (erystallites) of solid metals are

-25 -
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charactorived W futl (or almost full) wubual conbacte The con=
tact areas occupy only & amall part of the gurface ¥ Par bicles

1n separated My SpOOC or, as it is usually termed, poress

pon the scientiflc point of view the opsration of falw
pleation Sran powder of metallocerauic products may be waducaed to
inoroasing conbact among the p&rticlue. Inorease in contact may
be achleved in two ways — Ty doforpation of particlos through the
use of external forces (pressing, calibrating) or W dyawing
the atoms of & metal closer together through increased tempsra~
tures. Powder petallurgy in practice uses both waye in ons or
another combination for the fabrication of productse Simulta~
neously with an increase of contact between the surfaces of
particled there is an increase in the strength and cohesion of

the metal powders

In this connection, in the development of the scientific
fundamentals of powder metallurgy, the study of contact phenomena
is of great importancade The primary problens of powder metal-

1ography &-8 to @stablish the following correlationshipse

(1) How is the contact surface of particles of a metal
powder modified during deformation (presdng, calibrating) and

in themmal treatment (baking) s

(2) How does the structure and nechanical propertlies of
the powder metal change in relmtion to the siza of contact surfsce

between 1ts particless

b
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chapter 1
URTAL, PORDERS

Ui sitrerimra it T

A, HETHODS QF OBTAL NLHY METAL PORDRRS

The method 1o be waed dgtormina woth the econoni.ch
(comb of ¥ wdey, $156 of copital 3 nvestment, cost of fransfor=
wing & powder imbo B ¢y riehed prcdv.ct) and the qua‘limti.w charac
eristics of & powder {cortent of oAmixhuress size and shaps of
particleds pouring wekghta compreﬂsimliw and sintering

chavacteristics of the powders otoe) e

. For this reason the selection of the method o be used in

” obtaining & powder 18 of pamrﬁomt jmportancds Today the heche
nology ¢f mmml}mcermic parmfacture 3p on such 8 nigh 1evel +hat
it i now passible yo vse 1% directly te obtain products from
hoth cheap and low quality pateriels (steel and iron ghaving®)s
Further prog'msa of powder netallursy just a8 in all other
pranches of tachnology s dovbtless will follow the line of de~
eroasling the cosb af initisl naterisle and of the tachnolofy of
thelr procwsmg. Thus aooncmis factors will have 0 play an

1mpo:z"t,an'o role in the gelection of methods for fabricating powderse

rable 1 gives & ghort roSwLe of the difterent nethods vsed

in obtaining powderss of greatesy Jmporbance greo the £ ollowing

motheds wnich are 1eapt expentive 4n fabricating powderss (1)

pechanical comminution of nard wetald, (2) pulveriwtimn of

1iquid motals, and {3} reduction of oxidess Rlectroylyst® 8

also widely used in o nusbeT of casedy althovgh 14 veually is lesw i

- 1 -
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economically feasible than the three methods Jjust outdined. There !

are other methods which are important elther for certain special

casas (such ag the preparation of magretic alloys from carbonyl

iron and nickel) or are only of scientific interest (obtaining

powders oy electro~erosion of metals), in the present state of ]

i technologye

Meghanical Comm inution of Hard Metals

The following possible ways exist for mechanical com=

mimution of metals and alloys in a solid states

(a) Processing of metals by machining.

(b) Crushing metals with ordinary equipment (ball and hammer

mills, crusher rollers, ebcs).

(¢) Comminution of metals in vortieity millse

kb
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TABLE 1

RASIC METBODS FOR OBTAINING METAL POWLERS

(11 {2} (31 il 3} £}
Original Hethod Used Product Shape of size of Fields of

y‘ :
Material to be Hade Particles rarticles Application

in ¥icrons
4. Hard metals I. w
and alloys Commipmticn
Acicular, 1,000—10,000 Original material

1. Treatment by mach ning: Irons steel, slight-
Gtilization of waste from 1y silicecus iron, curled, etcs
metal processing by machine brass bronges ebee
ing (shavings) for leter

pulverisa‘c.ion jnto powder

in ball, vorticity, and

similar millsSe Small sha=

vinge may be used directly

in the fabrication of metale
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far further com=inu=
tion, as well 28 far
porous bearingss

steel partsy siCe
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[2] (31

logeramic products (L, 7,
8, 167, 194).

2 Comminution in ball
mills, crusher rollers, etce

(a) Pulveriszation of Ferro-alloys, white
brittle metals and alloys iron ¥n, Cry Sb, B
(45 8, 167).

(b) Pulverization of wn~ Fe
stable accumulations of
melleable metals (brittls
electrolytic sediments,
reduced iren sponge) (L,

8, 167)s

Irregular po=

lyhedrons

Depending on
the form of
the pulveri-
zed partic-

les

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

10-200

10-100

51 e}

Steel parts, metal-
loceramic iron, for

chemical uses, ctes

Cores of induction
coils, porous bear=

ings, etce
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{2}

{c) Spcial
alloys made brittle by the
addition of admixtures and
special treatment
(b, 8, 167).

(&) Coarse
Pulverization of malleable
materials with weakened
cohesion between its gra-
nules (shavings) (L, 8,
167).

3. Vorticity comminution
Ductile metals and alloys,
brittle metals and alloys

(hy B, 3L, 167).

Permalloy (Fe-Ni)

Steel, brasss eice

Fe, Fe=Ni, Cu, Ag,

Al, Ag=5n, ete.

(L]

Irregular po-

lyhedrons

Leaves, coils,

etc.

Disk=-like,
with flanged

edges
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51

10-100

100-3,000

2-400

[é1

Magnetic materials

Porous bearings,

steel parts, etce

Porous bearings,

cores, electric
brushes, dental

fillings, etcs




-

-

(3]

B. Metals
and alloys <
(primarily
easily fusi-
ble) in li-

quid state
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IT. Physico-chemical Gommi~

nution.
mue o
1, Chemical comminution.

Inter-crystallite corrosion

of stainless steel 18-8 (19k4)e

2, Electro-erosion (67 B

i. Granulation and Pulverize=-

Granulation aUC __— ———=—

tion

(3]

Stainless steel

Hard alloys and all
possible kinds of

other metals

1. Pouring into water (b, g, Pb, Fe, Cus Ag

U, 695 3k, 1675 81).

[ud sl

Irregular po— 10-100
Iyhedrons
Spherical 100-500

Declassifi -
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L6}

Stainless steel paris

Scientific research

work

Porous bearings, elec-
tric brushes, filters,
magnetic materials, parts
connections, &ntal

f£illigg, etee
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f21 £31 L} sl {6}
[
2. Mixing alloye while Alloys of Al, Cd» IrregulaTs 250
nardening (167)« Sn, Zn granular
¥ 20-400

Ce Metals 3, Pulverization by air A1, Cu, Fe Id_rrzeguar
and alloys and stean (Ls 8 Sh)e ps
(primarily

easily fusible

in liquid
I - i Irregnlar 20-400
v Lo Pulverization with si= Fe, Cu, Ni, A1, g
! o Pulve
C broken up
multaneous mechanical action bronzes COPPETs
ane )
th
Cu~-Pb, Cu-Ag> etce drops Wi
o o complex out~
lines
hemi Processing
i 0.1-10 Chemical
Spherical .
1S A ; paris hard
densation of metal - ,
C. Metal X. Con
combinations ~ Vapors (14,167)s

alloys, etee

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8



[1]

D. Metal com=

binations
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[2] (31 [ul {5}

I, Reduction W, Mo, Fe, Ni, Co, Cu Sponge-like 0.1-30
1. Reducation of selid com-
pounds (oxides, ores, organic
salts) with hydrogen, carbon

and their combinations (L,

167).
2. Reduction from liquid solu- Ag, Au, Cu, Pty Varying 0.1=10
tions of salts (L, 167). Sn, Hi, Co (Needlelike
tablets, poly
hedrons)
3. Reduction of melted salts
with alkaline and alkali esrth Ta, Nb, Ti, Th, Varying C.1-10
metals (L, 99, 167). 2r, V, U
II. Thermal Dissociation
Splitting up of carbonyls Ni, Fe Spherical 0.1-5

(hs 21, 167).
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Electric bulb industry,
coating of high tempera-
ture iurnaces, contact,
hard alloys, porous
bearings, magnetic

materials, etcs

Porous bearings, contacis

hard alloys, etce

Draw plates, vacuum
and chemieal indus-

tiries, etce

Magnetic materials,
vacuum industrys pure

alloys, etce
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(6}
031 el s
21
&8}
. Porous bearingss bru=
III. Electrolys:s Dendrite 0.1-30
tations (4 21, 1670« Te Cu, Fbs 515
1. Water solw

shes, contacts, mag”

etee netic materials, eice
p]ates’ vacuul
. 0.1-10 e
. drite M in-
e Ta, Wb, Tis Ths Den in@ustry, chemical in
2, Melted me
: zr, ¥V, U dustrys &Ce
1-160 Hard alloyss refrac
Varying onferrous
ractory ¢ar= tory compounds 1
1. Obtaining powders from et ©
' E. Metal and  1¢ as pides, boridess
% 1 pow- metal conounds snd alloys
(] nonmeta =

tee
alloy productss &
nitridess brasss
jffusion and
s result of dif

be
chemical reaction due to heal—  €TCe

ing (19, 995 160)
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Mechanical pulverization methods are widely used for

obtalning powders from different netals and alloyse
(a) The Machining of Metals by Cutting

It 18 economically wnfeasible to specislly produce shavings
for immediate use in fabricating productBe However, the use of
waste shavings obtained from the processing of metals by Machining
is without doubt a much moreprofiteble undertaking for further
commimbion in ball, hammer, or vorticity mills. Small shavings
of iron, steel, or #mel-like slightly siliceous iron containe !
ing up to 1«5 percent of silicon with particles about 1 millie
meter in size (shavings from drilling, cutting, and even finish
lathework) may be used directly without any preliminary commi-

mution in fabricating products.

(b) Comminution of Metals with OrdinaryEquipment (Ball Mills,

Hammer Mills, Crushers, Rollers, etce)

In such cases metals are comminuted (crushed and pulverized)
by coming into contact with a heavy body or bodies (steel halls,
mill stones, rollers, etc.)s The welght of all such bodies con—
siderably exceeds the welght of particles obtained through pul-
verization (at the very least by several thousand times and
frequently by many milllon times)s For this reason such a method
is useful only for pulverizing brittle metals (ferro-alloys, a
number of special alloys, white cast iron, etce)e For ductile
metals it results not in pulverizmation but in a flattening-out of
the particles, and for that reason it should not be used for thems

In pulverizing ductile metals grinding of this sort may be used

-l) =
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in only a few cases a8 enumerated baloWe

(1 palverization of brittle and loro=strength agglomerates
of particles as @ f4nal operation following other methods for
obtaining powders (crushing of reduced SPONEe iron, };mlveriza’oion

of brittle elegtrolytic iron deiment) e

(2) Pulverization of ductile netals with weakened coheslon
petween granuless For exampls, one ¢ coarsely pulverize metal
ghavings in ball and hammer mills by facturing weakned places

af conesions

Further and finer pulve.wization does nob lead to any useful

rasulise

(3) Pulverization of ductile metals that have been made
brittle artificially. For example, pu.'}.veriza’nion of permalloy
(alloy of iron and nickel) is made easier by an admixture of

an insignificant quantity of sulphure

A weakness to be found in working with ball mills, etce
consiata sometimes in being contﬁ*?ninated by powders products of
abrasion from the steel balls and the lining of the mills. For
example, pulverizing powders of hard alloys in pall mills csuses

them to acquire 1~2 percent of irone
Figure 4e A Ball Mille

PTigure 4 shes a ball mill for pulverizing powdersa
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(¢) Comminution by Means of Vorticlty Mille

Figure 5 (drawing) and Figure 6 (photograph) show an eddy
mill (34)s It consists of a ‘casing 1ined with durseble manganese
ateel in which two propellers are rotated at a high speed (3,000
revolutions por minute) in opposite directions to each others The
m#srial to be pulverized is introduced into the mill in the shape
of coarsely comminuted pieces, =—- cuttings of wire, shavings,
etce These pleces collide with each other at great speed in
the eddying currents and bresk up into particles measuring from

0,02 t0 043=0.4 millimeters.

i
!
§
!
1
i

Tigure 5. Diagram of & Vorticity Mill

The mill has an attachment for air gorting of powders

according to the size of particless

In order to prevent the powders from overheating during
pulverization the casing is equipped with a water jacket and is
cooled by ruming waters The mill has a protective air fee‘fLLine

to be used in case of emergencys

The pulverizing agents in awrticity mill are the actual
particles of the metal which is being commirmted through collisione
This carries with it two advanta;es, On the one hand, the powder
15 not contaminated bty metal from pulverizing agents (such as
steel balls)s On the other hand, the cormminution resulting from
the collision of light particles does not produce flattened, smooth-

surfaces but primarily surface deformations which increase the
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rouganess of ghe partlcless Tus, the quallty of the powder

improves with the roughnessd of the surfaces and is higher than

by pulveriz.ation in bell millse

The structure of iron powders obtained by vorticity pul-

verization 18 ghown in Figure 7. The particles have & characteris-

tic shape of gaucers with bent edgess

Table 2 glves & characteristic scpeen analysls of iron

powder reswlting from vorticity p\ﬂ.verization.

Table 2

TYPICAL SCREEN ANALYSIS OF TRON POWDER PRODUCED BY JORTICITY COMMINUTLON

Size of Particles weight of Fraction

in Millimeters in Percent

2063 b
0015=0.3 b
0.1 «0.15 n
0,075=04+1 17
06060475 21
0+05=0+06 2

£ 0405 3

In order o improve the compressi

to eliminate cold hardening, 44 is necessary to subject them to &

preliminary heating in @ protective atmosphere (iron powder =

1-2 hours 8t 200~1,000 degroes) s

A RbPab. 0003800520007 0005.8

pility of such powder and B
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The productivi'c.y of a vorticlty nill having & 20 kilowatb
mobor is about 710 kilogrems per houy (depending on the finensas
of the powder)s The anount of slsotriclty wged to produce 1
kilogram of powder is 245=3 kilowatt hourse o;qe workey can Berw
vice several such nills glmultanecusly s Servicing pex'sonnel

do not have to have particulm'l:] high qualificationBe

The prineipal merits of vorticity comminution consisb of
the following: (l’) gimplicity ard inoxpenslveness of the equip=
ment and small capitel investment needed Lo mamiacture the powder;
{2) inexpensiveness of raw materiel ard the possibllity of
utilising waste produets from the matalworking industry (shev-
inge); (3) jneignificant labor and power exponditures for pro-
ducing the powders (4) Simplicibty of operation and. the possibility
of using unekilled persomal; (5) essy conbrol of the prooessj ,
(6) good adaptibility of powder for compression (after heating) ex
bekings (7) resistance of powder to oxidation whan being storeds
(8) possibility of obtaining powder with an insignificant eontont
of foreign matber (absence of contamination during corminubion) 3
{9) possitility of obtaining powders from alioysy (10) indentical
adaptibility of this method for the ‘producti.on of either coayhe

or fine powdeTa
Figure be A Vorticlty Wille

Figure Te Iron Fowders Obtained by Vorticlty Pulverisstion
Magnified 25 times (167

Declassified in Part - Sanitiz
ed Copy Approved for Relea:
se 2012/03/14 : CIA-RDP82-00
: -00039R000200070005-8




Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

The eddy pniverisation metiod should be glven orefs eioe
in the preperetion of iron powder for menufaoturdng porous besr-

ings, stosl parbs, etcse

Roorntly the design of the eddy mill hes boen somevbat
simplitied and improved over tha one shewn in Flgure 5+ In
these models the flow of air lemws from the centrifugal Llowew
into the mill casing and ia broken up by the dashers; both the dashers

ard the Llower are mounted on the sme shait (34)s

Tn thig is to be found tre advanbage of the new design
over the old design, where the propellexs were set up on two
axles rotating in opposite directionse WMoreover, the making
of deshers is slmpler and coste less than the making of prow-

1Tisrs for mills of the provious designs
e j

Afber mlverization the powder ls amoealed to remove the
cold herdening. The boked mase is DMrst bwoken up by hond crwe
ghers snd then with heaamer crushers (Figuwre €)e

Mouve 8¢ & ML) for Bresking Up Powder after Amealng

The oommlmation of metal in & Jiquid stete is aplied prine
cipaily to relatively essily-fusible metels--to tin, lead, 2ine,
aluminumg copper, end thely plloyss However, these methods are

also used foy obtainming powders fram ivon, pig iron, and stesls
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The dliferent variations of comnlnution liquid metal can be
reduced to granulation by pouring into wauer and pulverizing while
pouring it on & fast rotating dlek, or by a Jet of compressed air

or steam, as well as by combinetion of these methodss

Most lnteresting is centrifugal pulverdsing (34) which
combines the pulverizing of the liquid metal with mechanical actlon

on the particles.

1 - molten medl
2 « water under pressuUre

3 - rotating disk

Tigure 9, Diagra of Centrifugal Pulverizatione

The basic idea of atomizing by this method 18 shown in
Figure 9. A thin stream of the molien metal issues fron arozzle
surrounded by a water jacket into wnich water f{lows under
pressures Lthe flow of water carries along with it the metal
ornto the rotating dilsk, which is espeelally designed by being
supplied with speclal fittings for breaking up the powider into

suall particles.

The shape of the particles of iron powder obtained in this
way is shown in Figure 10+ The particles have a rough outline.
Their size vardes from 20 to 400 micronsSs A typical screen analysis

of this powder is given in Table 3e

Di ™ _ .. '
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Tisure W Iron powder Obteined Ty Sorhrd gl Pulveriwation

gsgnified 20 tusst (167}

Table 3e
PYPICAL SCREEN ANALYSIS OF INON R ORTALN 3D BY CENTIFUGAL

ALHIZTAG (167)

tiwe of Perticlas Hedgt of Yrastlon

in Eiltiserwrs , in Percend
03 4
Oels = Qal “
Osl = 005 5
0075 = el 5 ,{
0u0 = 0075 3%
0alt5 = 0s06 10
9 ;

0405

The followlng method ig practiced iy obtaining dron powder

(181)e Molten cast Jyen with & gliget silicen content nsed fo¥ ’{

producing staol. (Osdmled percent 1) contaimng up 0 4e3 paveernt
carton, 1o poured into water and onto the rotating disk epeating
gramiles wp to 4 pillineters in sizoe These gramules are then
subjecked to & decarbonlelng soneeling in a2 rotating furnace at &
temperature of appmmtew 1,000 degrees in an atwospheyg GOl
slating of COmClye A lpad of 100 kilograns of gravoles in @

oven with an arnealing tamperature of 1,040 degress produces & carbon

“ conten of 0«03 Thip process i8 peed for later g g of
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o
dscerbordged gremmles. However, the smaller granules (up ﬂﬂ
045 m1linotera); which make up about 40 parcent /of the powder/s
can be used for meetlrg ¥he needs of pewler wmetal lurgy e

pulverization 18 achieved in other cssed by directing oot
pressed alr on a molten chprge o waich ooke dusb bus been added
(34)s e atomized powde:r comtaing shout & percent Op and 4 “
percant G, tharks to which it is campletely reduced in its Mown

dngraos
reduclng atmosphore at an anneeling temperature ef 900 dograode

The reduction of axides in metal powders is from the theove-
tioal point of view is one of the most profitable vays of pwduoi’ng
motale However, in reslity the producing of plg fron by neans of
the open hearth process followed by labter processing of it into
wrought dron 18 nore practicel thaxn divect roduetion of ore
because of severe doficnlties existing ab the present tlme in
cornection with equipmente

setalloosyemle manfachore demands velatively pure powdersy
al
inssouch 88 the greater part of an admixture is capried along
ke the findshed producte The degres of parlty of mduced
powder 18 dotornined ty the contente of impurdties in the ovi=
[ demands
ginal cxidess For this peason, because of he \éém.ng
i hoave been e

of i?mabry, pure original paterdals are used which

i by means of hydrogens Tha pe@uction of the oxides vith
dooed

hydvogen oceades Besoraing to the dquation (for simplicity wo have
=
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saken a bivalent oxide)t
Ma0 + Hp g, Mo -+ Hyle

Yheve requirements ere lowsr for & product and where the
possd bl lity axd.ate for cencentration, less pave ordginel materlals
may be used (such as ipon slag) with reduction weing carrded on

in & ponerator goBy 41juminating gag, or hard carbone

The reducing pewer of oxléen considerably inerogses vibth
an inopease in porosiity and dispersion of the particles of the
original oxides. Oxldes ereated synthatioally, especially if
through chemical means, &re more porous and dispersed than

netural ores or slag, and for that veason are reduged at lower

temparaturess

along AL

Condenser

Figure Le lsctrical Resistanes Furnace for Reducing Tungsten

Redugtion is practicelly the only way to produce tungsten

and molybdemmn powderse

The oxldes of ores which are obtainsd in chemical treatment
are porcus snd most disparsed (the slge of particles is on the order
of 1 micron or less) and are reduced at & relatively low Lenpora-

e (aboub 800 degrees)s

-},‘a—
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Tungeten and melybdenun used in elactrie bulb menufacture
ave reduced by hydrogen in tubwlar fiomacess Flgure 11 shows an
slaotrice) tubular resistance furnaces Hetal boats contalining
the rew material ave ingerted inmto the furnace, walch then are pam ed
throngh the variable temperatives of the heated saction, After
reduotion, the boahs are moved intothe condenser whore they are
colllad by circulating watere Thay ave placed iwto the furnace ab
£ixed inborvels of times Upon loéding the next boat following
15 moved forward the length of one boate There gensrally is o
sories composed of several guch farmacese The hydrogen ismdng
from the furnpos passed through 8 hygrossople device on 1ts way
into the nexbt furnace. The hypirogen 4o burnsd as it comes oub

of the last furnacee

Eepscially pure pongaten ig not requived for the production
of havd alloys, snd for such cases 4t 418 reduced with ceybon
black in famaces, & pieture of vhich ia showm in Figure 85

Cobmlt and nickel used in the monufaoture of hard alloys
are also obtained through the reduction of diaporoed oxidess

A much more difficult problem is o be found in the e¢Qw
nowle reductdon of ivon powderse Trom the econvmic point of view
only cheep original material can be used in reduction - seporated
crushed slag of steel with low carbon content, which can be ref-
tored only in high temperatures (1,000-1,300 dagrees)e The
reducticn of the slag is carried out in tubvlay furnaces of the
same type a8 shown in Figure 9 bub which ave heated by gensrator
ov t11minating gas (61)« Reduobion is done n An SERSEEE

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8




Declassified in Part - Saniti
ized Copy Approved for Relea:
se 2012/03/14 : CIA-RDP82-00
- . -00039R000200070005-8

ety
of generator or converted illmnina?edﬁgae. Congiderable diffi-

cenlty is presented by the frequent change of metal tubese

a
b
Figure 12« Reduced Iron Powders
a - Before pregsingj b « After pressinge

500 X (Baltehin)e

Reduced powders have a characteristic spongy structure
in which individual small particles interlock with each other to
form unstable lumps (Figure 12)e Such agglutina'bions usually bresk

up into individual particles during pressinge.

Blect rolysis

The electrolysis of agueous solutions is practicable for
obtaining powders of . electropositive metals such as cOppeTrs
Elec'orol;ysis ig the most widely used method for obtained copper
powders MYuch less practicable and widely used 1is the electrolysie
of aqueous solutions for electronegative metals such as irom, in=-
asmuch as difficulties are found to increase in such instances

with repect to sedimentation and drying of the metale

In electrolysis of copper, the sediment is generally
desposited on the cathods girectly in powdered forme For iron
it is move practicable to have a deposit of a brittle precipitation
in 8 more or less compact form, waich is later subjected to mecha-

nical comminutione |

- 2] -

Declassified in Part - Saniti;
ized Copy Approved for Relea:
se 2012/03/14 : CIA-RDP82-00
: -00039R000200070005-8




D - . -
eclassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

The conditions most fvorsble for the formatdon on the
cathiods of & powdery precipitate which 1e essily rovoved amd
dispersed consist of & wonk concentyation of ions of the metal
in the originsl solution, with ot too high & temperature, am
& stron;, steady cuyrente By regulating these factors and the
cirevlation of the olectrolybe, an incraase of which docranses
e dispsrsebillty of the powder, one can cbiain a product ace
cording to the desired characteristics (21)e

After being renoved from the cathods, a powdaer 18 weshed,

filtered, and dried agcopding to any of the following methodSe

(1) Drying in & vacuwm with 8 50-300 millimeter vogidual

preasuree
(2) Drying with superheated stoame

) "((':Of
(3) Drying in %mdmn@; ahyBphere (Rydrogen, gensrator gas,
11luminating gas)e

{4) Drying in boxes covered with cole

The particles of powders obtained through the alectrolysis
of saveous solutions have a chracteristlic dendrite siructore

{Figure 13)s

The advantages of electrolysis includes (1) high parity
of powders thue obbainedy (2) good compressibility (sometimes
only after amesling and sintering capacity of such powdersy
(3) ease of attaining standardized productiony (4) equal adaptibilie
ty for work on a lavgé or small scaley (5) poseibility of using
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apility of goparating valuable

o raw materialsy (6) pos®
» and gold for coppey

impur
anode sediments (silve

components from

and metals of the platinum group for iron)s

gative metals, these

with respect 1o glactrone
avolved in pre=

d by the diffulties 1
of electricity for obw
hours per kilogram

However,
res are often submerge

The expenditure
ig aboub 2=3 kilowatt

featu

clpitvation and dryinge

taining copper powders

(depending on the dlapersicm).

The eloctrolysis of wolten medie 18 uged for producing
powders of cortain rare metals (Ta, Mo, Ti, Thy gr, V, U) which

are aifficult to obtain by any obher Waye

B, THE STUDI OF METAL POWDERS

styructural Flements of powder

Metal powder is composed of small bodies, gso-called pare
g in size fyom 0.1 micron to several millimeterse

ticles varyin
cannot be congide

red satisfactory

nparticle®

(The expresaion
A better

ch a8 & particle is a S0
#gmall bo

ok the wore widely used term
mpm;,i-nmlitr_ial powders from

1id body and not a parte

inasmu
dy* or ngorpuscle”s Howevery

expression would have been
nparticlete )

the author uses 4n this bo

The size of & particle varies for

several microns to 045 millimeterse

gh snterlocking into rather

parti ¢cles combine throw

h as are fourd in fine

Sometimes
powders obtained th-

large agglutinatiena, suc!

son (Figure 12)a

rough reduct
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Partiolas in Yhely twm 8 asonetimes composed of sonller
sabdivialons, microsceple or mibnleroocopdes  Thugy the partielos
of metal that lmve veen physically pulverized (Flgure 14) may be
broken dovn into crystaliites {gramlos), whlle particles of
powders obtailned by the gplitting of carboryls {(92) or by electroly~
gls are subdivided lmlo submicroscople strmetural elanents which

are in size on the order of 0,00 pderonds -

Particles may also have internsl eracks, internal espillmies

and pores, wiile ednixbures - both surface and intrepariicle.

shapes of particles are quite veried, They ere deternined
by the mesns of producing the powdery &b the sene time the size
dnsived for perticles may be sonbrolled by the methed of fabyie
cations Particles way be classified acoording to shape into

three principal groupst

{a) fibrous or needlelike particles vhose length COnEiw
derably sxeeeds other measuraments (Figure 15a)s Hendlelike

structure 18 posueased by thin east ireon shavings (Figure 16)3

(v) £i=t particles (disks, lesves, tatilet shapes), the
length end width of which ip many times greater than the thicke
neos (Figure 15b). Buch shapes are posseseed by wetal paint

particless

(¢) egulatisl particles with approximately the same sive
in regard to the different dimensions (Figure 15¢)s

Figure 13¢ Flectrolytic Drass rowdler nagnified X 500 (tmltshin)e
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Meurs 14 Palvardzed Cast Ivon Megnified X 500 (Beltohin)e

& i) e
Figure 15 Sturcture of Pariicles: n - Fibrous (Needlolike)s b - Flaby
¢ « Particles wibth Uqual Axese

Plguwe 16, Semistesl Meving. ¥ 20 (Bellshin and Newets).

Hany variations of these basic groups exlst as vell as
trangitory forms batween theme For example, particles having
gqual axes may be classified into spherdiczl (Figuwe 17) m‘d
mdtizramdler (Fipure 18)s Dendritic structures obbained by
eleoctrolysis (Figure 13) approximate in certain cases needle-

like shapes, while othersy equisxisl and flab shapess

Fartlicles heve mumerons surface protrusions and plits, ag
well as capillsries and at tlmes intra-particle pores - wiirpe
cogeepde and submloroscoples e mey differentlate tetween

gmocther and rougher particles.

&
b
Figure 17 Carbouyl Irons
2 = ponecorrodedy b - corrodeds X 500 (185)

Flgure 18 Hon Copper Chtained by the Action of Fillugs n
Copper Sulphates

-25-
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Flgnra 19. Diagram of the Structwe of a Particle:
Ll = metal core; 2 - onldized onter layer with liie

coven rollef comteinimg moisture and gesss.

The total surfice ared of parbleles of powder is very grecte
It inereases in lnvorse proporbion to the dlametor of the particles,
The surfacs velumw of particles is generally tuken iu relation
glther to 1 gram or 1 cuble centimetor of materdals this is known
a8 the sowcalled spevific surfaces As a result of the rough
mirface of pavdleles of powlers the surface as determined by the
adezorphion of coloring wabtorials ie greater by mexy hundreds
and thousends of times than the geometiie surfoce computed on
the basis of micrescoplc measursments (70)s The specific swrface
of such nowders sometimes is measured in tens and hundreds of

BOUATE meters per grot

Ferticles of powder sre as it were a universe in miniature
- Flgure 190 Slmilar to ke planets, such as the Esrthy partie
cloy have & wetal core {oxides ave to be found in the cenmtral
pove of reduced powders), an outer o:«idimé layer (the velune of
vivkdh de 10 percent amd more of the total size of the particles)
gimilar to the lithosphere, and 1ts own kind of hydrosphere and
atnosphere «- adsorbed gases and liquides The Barith's surface
is coversd with countless fragments of rock, sand, stones, atee
Particles sre slee studded with fragmente of brithls oxidese
the protrelons and hollows on the surfaces of perticlss corres-
pond to mountaing, meunds and depressions & grownd reflief,
The hardness of surface oxides varying in degres of moleture mey
also bo modified in the eame way as, fof SXEuple, clays
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Dy oxldes mey Lo vord snd bDrittle 1ike stones and dry clay;

pedot ones - 80l and plaptic Like dovgh or soft claye

Fowders, ac hes already baen peinted out (page 16 of
; ordginal text), ave charnotorized Yy incomplate mubual contact
of particles forming, 88 34 wers, & skelaton of the powdeyr and

geparated Y interparbicle poreds

Fores with roespect to unpressed metal powders teke up rovre
than 50 percent, uemally 70-85 percent, of the total volumes In
copbain ingtances pores tedio up to ¥ pereent of the volume of ]
the powdere Flgurs 19 viswally demenstoate the Margs smoW
apane talen up by pores end how 1ittle opace thore 18 for
corbact amng partieles (it should of course be teken inbo CONe
giderabicn that the micm;ﬁmmg;mph shaows 8 cmss“mcmoml
view and that the mmber of places of contact in space is con-

giderably greater)e

In teme of absolnbe glgo pores e gloseified as being
racrescople, pheroscophc, & submicroscopice The pize of interw
particle pores inapeases with the slze of the particles and Aty
opcases with the density of thelr packings Togetner with
interpertlcle poress she size of wilch 18 on the crder of the
size of indiwidual parhicles of a powder, there Bre o bhe eneoulr

; tered large spaces which excaed many Himes the size of individuel

pariiclass faperimenis (17) earried ot with lead thot showed

the forsation of large spaces due o 8 yind of "arch effeot"

formed Ty overlapping SUONZ rertieles (Figure 20)e Indivect

avidence of the size of sudh pores s glven Yy maﬁ;r pornsalble

1ty to gases and 1quids, the greater the pormeability the |

bigger the poreSe 4

/
4
4
:")
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on the basis of experiments carried out by & number of ine
vegtl ators one can make the conclusion that pameability (the
amount of liquid or gas that oan pass under gpecific conditions
during a u.v@ of time through a body of powder having a fixed
surface and thickness) is proportional $o the specific surface of
particles and consequently to the square of the diameter of par=

ticles (or the square of the diameter of pores).

Maximum permeability ig observed for particles of uniform
size, In a collection of puarticles of varying slze, the smaller
particles £1t into the spaces between the larger ones and

decrease the size of pores and the degree of permeabili‘ey.

The structure of particles also has an effect on permeabilie
ty. Under different circumstances, the greatest penetrability is
to be found in powders with smooth gpherical parbicles ‘possessing
a minimun speclfic surface and exerting the greatest resistance

to the flow of a liquid or gas.

Not ong ago there was published a very interesting article

by V. V. Tovarov (Zavodskaya 1aboratoriya, Number 1, 1948)

recarding the penetrability of powder bodless V. Ve Tovarov
utilized measurements of penetrability in successfully determ«

ining the size of specifie gurface of powder materials.
~

Pores are divided into open ( communicating, capillary) and
closed (isclated) on the bagis of their acoessibility to 1iquids
which do not react with the powder (such estimates are ordinarily
made with 0il), (It would have been more exact to divide pores

not into opened and closed, bub into accessible and non=accessible

- 28 =
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with regard to & given liquid in the conditions of carrying out
the experimente Thus, Tamman's experiments showed that ssomingly
isolated pores in solid metals could be penetrated by liguids

under great pressure.

Figure 18 shows visually that all interparticle pores
are lntercommunicable for unpressed metal powders, Inrapavticle

pores may also be either open or isolated,

W glomes s of Particles cemblowing |

Powders, considered as the aggregate of a very large number
ol particles, the dimensions of which are very small in comparison
with the volume of the entire conglomsrate mass, balong to the
0lass of so-called free-flowing hodies. Thus, the rumber of par-
ticles in 1 cublc centimeter of industrial powders, such as tungsten,

molybdenum, and tungsten carbide, reaches several million.

Free-flowing bodies considerably differ from regular compact
bodies of metal whih ave also conglomerates, not of particles but
of crystaliites (granules). The principal points of difference

between afres-flowing body and a hard solid body may be reduced
to the following.

(1) Free~flowing hodies are to be disbinguished by incom-
plete contact (quite frequently less than & millionth part of the

particles! surface), solid ones by practically complete contact

between the structural elemente,

(2) Contact between the granules of solid metals is prac- :
tically constant and hardly changes in deformations caused by |
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welghts which do ot frecture the bodye Contact between the
particles of free~flowing bodies la not econstant and chenges

practically in proportion to the welghte

(3) Te structural elements of solid metsls ave deformed !
both because of the deformation of the entire body and of nelgh~
boring crystallltes. Horeover, & change in the contours of each
individusl granule produces & deformation both of the entire
vody and of the surfaces of nelghboring g;f%nles. In contra-
distinction to this, particles of fros-Tlowing bodies possess
windividual adaptationts In compressing a porous frec-flowing
body, the deformation of each individual verticle results to
only a small degres in the deformation of the toteal size of the

body and of nelghboring particles.

(4) The imterlocking of the particles of a froe-Llowlng
body is insignificanb. Tor this reason the stability of a free-
flowing bedy is determined principally by mechanical interlocking
of particles at their places of contact and i9 considerably less
gtable than that of s01id bodled One can add two importamt
conclusions to whet has been seid on the stakility of frec-
flowing bodisg. Mechanical interlocking of particles increases
almost in proportion to the surface of mutusl contact and this
aurface vardes in its turn approximately in proportion of the
pressures For this reason the stability of a free-flowing body
increases almost linearly with the pressure being exerted on the
bodye Secondly, the stabllity of froe={lowing todies is many times
greater (probably tens and hundreds) under compression than their

gtabillty in s tretehing, inasmuch as the contacht between the
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particles increases in the first instance and decreases in

the seconde

(There is quite widespread the false view that free
flowing bodles are not gusceptible to tenslon (8)s In
gotual fact free-flowlng bodies are susceptible to tension to
the order of 1 percent or 1ess from exlsting preasure (1 @4y
the weight of unpressed bodies), In this way such bodles can
disintegrate becsuse of the action of tenaions created by

loads less than thelr wed. ght s )

One may note & certain simllarity between 1iquids and
free=flowing bodles. In the same way as liquids, free-~{lowing
bodies due to the action of their own welght assume the form of
the vessel which contains thems However, it should be empha-~
sized that thers is, ns will be pointed out below, much greater
differences than similaritles betwaen free~flowing and liquid j

bodles,

The "fluidity" (more accurately nfpiability") of powders
is conglderably less than that of liquide, Powders do not 80
completely nor SO quickly fill up 81l possible convolutlons of
a complicated forme When pressing powders ons cannot obtain
parts of the same complex form as in casting undsr pregsure.
lesser fluidity is explained by the considerable inner friction
existing in froae-flowing bodles. In contradistinction to ligquids,
powders freely poured out do not dispersein random fashion but form
a cone-shaped plles 1hg angle of the pile formed with respact
to a plane, the go~called angle of repcse, is determined by the

friction of the particles. The pressure within e liquid is

-3l -
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transmitted equally in all directicns in accordance with Pascal's
lawe Iy, centradistinetion to thim, specific pressure in free-
flowing bodies in directions perpendicularto the line of 1ts
appliation has a magnitude of about 20-30 percent of the ap-lied
gpecific pressure. The pressure is not distributed evenly even
within individusl particles of the powder because it is localized
primarily ab the contact points of the particles. In contradie-
tinetion to liquids, the particles of a free=flowing hody do not
ocoupy the full volume of a veswel in which they are contained
but only a emall part (15-40 percent), Deformations in the volume
of a liguid in a vesssl are elastic and reversibles The volu-
metric deformation of free-flowing bodies is to & considerable
excent irrveversible, liquids are isotropic. In cantrast to themy
the particles of a free-flowing body are usually oriented (the
largest cross-section being perpendicular to the force of the
weight)e For this reason the properties of free-flowing bodles
(such as porosity, permeability to gas, eleo‘c.mca%tl:onductivity) are

often not the same for different directions.

Properties of and Technical Control over Powder

Those properties of powder which are of technical and
scientific interest consist of the following: composition
(contents of an admixture), magnitude, form and structure of
particles, magnitude of speciie surface, porosity and volumetric
characteristics, fluidity, strength, hardness, permeability with
respect to liquids and gases, electrical conductivity, compressi-

bility, and sintering capacitys At the present time we can only

'
b
'

{
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i
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gt an indirect wreretainding by means of volunebrde and comprae
seion ahavacterietleds sraeability s electrical nonduetivity
was up to meW Dot been studled for unpreased metal powderss
Ylerchardneas of powders Ay ba determined by the ingbruments
designed by Khrushohov and Berkovichs For unheaped particles

it L8 approximately aqually in Brinell hardness to the metal from
viadch the powbr /haa been fabricateds One cen almo determine tha
havaness of a powder spdirectly according to the conpression
diagren (Bee Chapter IV)e Presaing and baking of powders are
considered in Chaptexs IV and V. 'The detormination of the

size of specific gurface of powders i done Ly measuring the
adsorption of dyes and clhor agents, the speed with which they
dissolve in acids, alkalis, ebts Howgver, such caleulations are
carried cut oniy in seientific resesvch laboratories and are ot
used in technical continle Yor this peason we do not stp teo
conslder them in the present book ood Limit ourselves to eolere

ences tospeclalized Lltersture (31, 49, 100, 165, 167, 190, 194) e

Jechrical control of natalloceranic manufactures usvally
involves the lwestiga.ion of the composition of powders, bhe
aize, shape, and structure of pariles and thelr distribubion a8
to magnitude, volumatric charactaristics (povosity), and
flowing qualities.

(a) Contents of Admlzturesn

The comtents of admixtures and mathods of anelysis are
dotermined by technicul conditions, which are quite distinet for

& ffarent powderss Uswally the permiseible contents of admixtures
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in powders are determinad by the permissible contents of finished
products with the exception of aclds which are reduced in beakinge
For this reason most tochnical conditions permlt a relatively
nigh content of cxygen in powder amounting to from 0.2 to 15
percent, which is equivalent to an scid content amounting to 1=-10
percente & larger content of oxygen is not reconmended inasmuch
ag it decreases compression and strength of priquettes, the
physical characteristics of beked products, and their standards.
We wish to point out that oxides as contained in certain powders
are not always reduced under existing methods of bakinge For
example, a largs part of admixtures of 5i0p and Mno (up to 1
percent) found in iron powders restored from slag 1s not reduced
by baking. In'te same way the oxidiged f£ilms of & lumimus

carticles are not reduced with the ordinary methods of bakinge

In order to reduce oxides of aluminum it is necessary bo
add hydrides such as Tilp to the mixture for they are & source
of atom (atomarn;yy) hydrogen (194)s The presence of oxygen and
sometimes other admixtures increases with the dispersion of

powder (growth of specific gurface)s

(v) Size and Strocture of Perticles

The size and structure of particles is generally determined
with the aid of a microscopss Moreover, it is often necessary
to obtain eross=gactional views oi; particless For this purpose
a small amount of the powder is poured into a erucible and
covered over with & pakelite varnish (other transparent plastics

may be used)s Then the orucible is placed in a thermostat and
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Jradually heated Crop o temporatuve of 60 degrees 4o one ol 140
dogress over a poricd of 12-4¢ hours for the purpose of hardening
the bakelite, after which the sample is rvenoved from the cooled
erueible and burnishod and polishsd in the usual weye In quan~
titative messuremente of such crosse-sgetions it should be kept
in mind that the plans of the cross-gection is not alwayé at
right angles to the particles with respect to the main diamater
and that the observed aversge diemeter i mmaller than the main

onee
In spherlcally ghaped particles it is eccording bto Agtes
d = t. D e 04790

(1)
where D is the main dlameter and d the average observed diameter for

the cross-sections of partlecles.

Tn examining powders poured on & mieroscops slide with
the ald of passing light one 15 able to directly establish the

principal dismeter of particless

Tor certain fine powders, such as tungsten, coball, lron,
atce, obtained through reduction, microscopic measurement of
dispersion 18 digborted as a result of agzlutination of particles,
In such cases one mey resorh to rubbing down the powders with
turpentine Ly means of a glase vods One may also determine the
gize of such powders using cross-sections of criquettes which
have been compressed to a specilic porosity because of the fach
that the agglutinations are broken up inmto individual perticles

upon being prossed.

-35‘
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Tn order to determine the size of particles of a powder aud
thelpr distwibution as to size, screnn analysis ls usually resorted
toy ledey siftiog & powder through & number of screens of differm
ent sizes Typical sereen analyses of powders are glven in Tables
3 and 4e The size of a screen is messured either in tems of the
gize of the holss or the number of mesh, l.8e, the nunber of

nholes per Llinear inch (dyuyn)e

(c) Volumetric Chracteristic of Powders

The volumetric ehavacteristic of porous bodles and powders

nay be expressed in lerms of one of the following magnitudess

(1) The volumetric welght ig the weight of & wnit of

yolume of bodies. iwpressed in graus pev cubic centimet:re

For powders there 15 the poured weight, which is the
welght of a unit of volume of freely poured powder, and shaken—

down weight which is the welght of 8 wlt of volume of shoken-

down powders

Ny
(2) Volume of welght \ is the volh&? of & unlt of welght

of a porous body. Expressed in cubie centimeters per grams

(?)
(3) Relative density O is the relation of the density of
a powder to the demsity of the powder materiale

Lo
14

-y

= (3)
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yhere é,\ 45 tho denslty of the powde? matorlale relative densd by

is cha;-rar:tn:uimad by a pard of space oocupled 1y the powder mabae
rigl (the skelemn) and Le exprensnd in an ghutract fipure == 8

proper fraction or in parcent ( < Lor [ 100 peroent)e

(4) peletive volume ins an ahstiact fgurs ghowing ww

many Limes the volums of & frea=flowing ody 18 greater than the

volupe of the peberial of yhe powders rxpresved a8 an improper

Praction or in percan’o ( : »Lor ‘;ft 7 100 p@reem): ‘

N {

()

) - povosity P C]f\ﬂi\”lac“uﬂl‘l"‘l%@’i‘ et part of the volume
which 15 token up by neres and 18 woeally gxpressed in percent
(P £ 100 percent) ¢
or

P oo abl percEnt o (5)

(6) The confficient of porogity ¢, is an ghetract flgure
ghowing the relation of the volume of pores %o the volume of hard
material in & frog-{lowing body e Ehprassad in an abstract figure

or in paroent, 1% may Yeke sny value from Q0 to infinity:

oy
1

o P e
¢ =T
oy
£ e e L0
1 [ Q.'\}

Poured wolght, 4he wolght of & art of freely poured powders
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is determined by means of a yolumeter (Figure 21)e A volumeter
consists of & funnel with & soreen and a casing with geveral ine
clined glassés along which the powder in belng pourad falle into
e crucible of a known volume and weight. Surplus of powdar is
removed from the crucible with a steel rule, after wiich it is
welghed on an analytioal balances The poured weight of the
powder is determined by means of dividing the weight of the powe

der in grams by the volune of the erucible in cubic centimeterse

Foured welght can also be determined with instrment s

used for measuring the flow of powder (Figure 22)

Knowledge of the volmne%c characteristic of powders is

of the utmost importance for metalloceramic productione

The volumetric characteristic determines the compression
factor of powder in pressing. For example, if the relative
density of an unpressed powder is 25 percent and of pressed pov-
der 75 percent, it is obvious that the powder is compressed
%55- or 3 bimes and the height of the press mold must be three
times greater than bthe compated height of the pressinge A
knowledge of the volumetrie characteristic is very important for

pressing with automatic loadinge

Finally the volumetric characteristic determines the
nStruetural® strength of a powder (8). One may look upon & free=
flowing body as a structure under a definite load (that of its
own weight)e The greater the ghructural strength of a powder
the less can it be deformed by weight and the lighter is its

poured weight (in the same wey that the greater the gtrength of
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& naterial the Mghter can be the pard panufactured fow operating
under & glven Toad)s Lot uo note thaet for powders of icentioal
aouposi tlon a decreate in poured weight of two times copresponds

to @n incvease in shretural strength of sevaral tens ol timese

The density of pagking of powders depends on very many
factorss These factorse naually modily stractural strengthy while
ahrength detexmlnas the volunetric chapacteristic of a free-

lowing todye
wgure <le Yolumeters

Tigure 22 Ingstrument for Wengnpdng Flow ¢ 156) 3

1 = stainless steel funmely 2 = brackets 3 = cruciblee

10t us smmerate the principal Laborss

The struchural astrength of a pow-
dor is due for the mogt part to the interlodking of the rough
surface layers of the particles Spall-grained povidars genarally
have & greater rdative rouphness than large-gralneds For this
peason in the majority of cases (but not all cases)y structural
gtpangbh and poured weight decrease with an increase in the gise
of powder perticless

A fibrous and dendritic shape

assures the greatest smount of interloeing and inverlocking fov
particless For this reason these powders oxe the wost durable
and lights On the other hand, powders with particles that have

squal axes and are etpacially rourd are the hesvieste The greater
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the roughness of the s urface he more steble and Lght 18 the

powdex's

(3) Size dlstrd

ne both small and large
yhereby making the

Whers & mixture cone

may be Located

pution of par icles.

particles, the former

tal
petween the latter,
reasing the poured woighte

(4) Intraparticle porogitye Internal

rbicles wi thoub decreasing thoir surface §
cles with intraperticle porosity have a

rs with compact particlese

packing nore solid and

ing
pores jncrnase the

trengthe

sive of pa
For this reason parti
1dighter pou:ced welght thaen powde
Oxides are more brittle then the basic

? oxides always yresults in

od weight (in

(5) Surface oxidese
metale Yor thig reason the formation o
n an increase of- pour

ease of strength and i
ght of the meterial)e

a decr
e in the gpecific well

spite of & decries

(6) processing of powdersge

f cases the poured wel
regge in the surface r0

nd a decrease in

Processing in ball mills lncrea=

ght of powders, in-

ges for the najority ©
+ brings with it a dec ughness of

asmuch as 1
of the surface layer &

particles, destruction

its gtrengthe
The volumetric characteristic 48 given for a mmber of

industrial powders in Table Ae
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; \ \
Table 4e |
AELATIVE DENSXTY CF HOME INDUSTRIAL POVDERS v
Fowder Relative Density in Fercent

Foured Biwkon

Down

BEloetrolytic vopper 1235 | Q0wde5
Elactrolytic lron R0=36 30-50 |
Reduoced iron 10=25 Z0=40 1

Heduced tungsbten 1025 20w40)

Carbonyl iron 35wt} 45=50

gpenulated tin, copper, lead 3050 L=l

Vorticity processed ivon 2535 300

Together with the wolune there is a change in the aive
and all other charactevisties of & porous bodys It is frequently
found necessary to mske use of so-called fvoduced! 8izes, lv 6y
sizes corresponding 4o the compaeh body of the same Mmass &8 thet

poszessed by & porous bodye

%o shall zive several exampless The reduced volume vf @
froadloving body \/c‘. i8 the wlue of the compact moterial ;
(ekeleton) of a powder whew V 48 the volune of the porous boﬁy

Ve = V8

m
and is the relative densitys

§
The reduced height f¢ ofa pressing is the height of the
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briguet with the same eross~soction compressed into & compact

state

(8)
whers N i3 the height of the porous body and 0 its relative

densitye

e reduced apecific vork of pressing is the work of
compreseing & quantity of powder corresponding to a cuble cenw

timeter of a compact materisl. ,

(d) Fluidity of Powders

The fluidity of powders is measured by taling the quantity
of powder in gramg which would flow during the course of one
minute under fixed conditions through a nervow opening of &
fized diampters The knowled:e of such a quantity is of egsen-

tial importance for automatic pressing

Figure 22 shows a model of an instrument for determining
fluidity which can also be ubilized for messurding poured weighte
The powder flow through & conical funnel made of stainless steel
whose cone has an angle of taper of 60 degroes. The dismeter of
the narrow part of the fummel is 245 millimeters. The length of
the narrow part is 3 millimeterss. The weight of the powder that
passen through during a unit of %me ls recorded (156).

The fluidity decresses with an increase in the interlocking
and friction smong particless For this reason it is considerably
less for fine powlers with a large valus for the specific surface
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and & laege ratio ol suclface to the welght of a single particlee
In the same way the fluldity decreases with an incresase in the i
roughness of particles amd & decrease in the poured welght of

the powder e

Ihe Eifect of the Proverties of a Powdey on the Properties
of the Finished Produgt

The efleet of the properties of the oxiginal powder on
presulng, baking and the properiies of semifinished and finighed
producte are consldered in greater detail in Chapters IV, V, and VIII,
¥ith identical conditlons of mammfacturing, the properties of
finished products generally depend to & considerable éx'ben‘o on
the properties of the original powderse. For example, there ave
obtained from powders that have greater permeability finished
products with greater permeability. For ihis reason filtess “
(Chapter XIV) are made from powders with relatively big spherical
particles of identical sizes The more “durabls" powders of
small poured weight usually give (other factors being equal)
more durable senifinished and finished productss At the same time
Light powders possess a nusber of defects, such as the necessity
of using press molds that are wary tall and which regquire greateor
pressure for pressing, waich factors, in turn, are conducive
to lncreased wear of the press mold, slow vate of flow, ebce
&t present powders are preferred in the majority of cases with
a relative denalby of 25-35 percent for poured masses. In
baking small-grained powders with a large specilic surface, there
is & wore significant increase of contact among particles of a metal

powder due to the action of insrease mobility of surface atoms

-43 -
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(Chapter V)e For this fine dispereible powders result in products
under ldentical conditions of menufacture with the best propertieds
In the seme way it is froquently better te uee A mixtbure of flney
powders for obtalining uniform alloyss At the same bime the upe

of fine nowders involves a mumber of difficultles - oafly oxle~
dation, a lerge admixture content, pocr fluidity, incrsase of
compaeting pressure, poor permeability, damage and buckling in
selttling, difiiculty of complote reduction during baking because
of small gas pemeability, etcs Pub its most important defect

ig to be found in the bigh cost of fine ~owders, It should be
noted that the properties of products frem Tine powders are better
only under identical condations of manufacturing produchse for
this reason thers has dovelop:d recently a completely Juetifiable
tendency to base opsratlms on aconomic factory and thue transfer
over to coarser nowders. Of course thare are spsoial caseu

whare it is necessary to ignore this rule. Thus, it is not
posgible t0 use coarse vowders for pressing small thin-walled
marise The cores of induction coils (Chapter XVI) are often
prepared from fine powders of carbonyl dron in spite of the

iigh coste
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Chapter IIL

PREPATATION AND COMPOST TTON OF POVDER MIXTURES

Preparatory operations have for thely purpose the obtaining
of powder mixtures having a definite chamical compoaition and &
r definite degres of dispersion and othey physical properticss These
operations may be broken dowr/rf;nto mixing and preliminary processing

of powderss

in grading the original powders composed of different gized
particles, they are gubdiviied into two or more groups of speci= !

fic sizes

On the other hand, when mixing two or more original powdsrs
having ¢ different chemical composition or disperion, there is
created a powder mixture having the required composition and physial ‘

characteristics.

Preliminary processing, whether thermal or mechenical, has
for its purpose the modification of the physical characteristics
of powders, such as the degree of dispersion, conpressibility,
gtce Sometimes the prelimi%y treatment may be combined into
a single operablon with mixing or grading. Thus, when mixing
powders in a ball mill, one can gimulbtaneously do mixing, pul=-
verization, toughening and increasing the poured woight of the

original powdersa

CLASSIFICATION OF POWDERS (GRADING)

In separating metal powders into categories according to
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partlele size, apperabus of the type erdinarily uvead in the

snerdeal industry or ore dressing is noeds

Tn ordey to asparate the relatively cosrse groups of
particles with & dlameter axceeding 50 microns, powders are
eifted through wire or ailk sioves. Metad wirs sieves are . one-

rilly made fom brass, coppel, OF bronse s

Varioug type sleves are uged in siftine. prefarence showld
Le given in the majority of cases enolosed wodels which prevent
the diffusion of puwders thronghout the buildinge Figure 23
shows an enclosed scraen designed by TeNITTHASH (8)s The bucket
together with the screen (steve) is caussd o oscillate by an electri-

cal motor through & texyrope £-znsmiseion and a systen of gontrolse

e rumber of oschllations of the pucket Ls 156 per nimute while
the range of oscillations stays within the limits of 20 to 120
milimeterss The powder to be sifted is poured into the bunker
and then falls through a mlsating feeder onto the sereons
Having gons through the screen, the powder passes through &
urker under the sereen and falls into a wagon container. The
rosidue remaining on the screen 1s removed by hande The bucket,
hunker, and wagon are enclosed in a case with two pairs of doors,
the upper for observation, removal of realdues, 1nstallation,
and repairs, the lower for taking out the wagon. To prevent

the powder from filtering into the workroom, the doors have
hemetic rubber and fell 1ininge With respect to this consi~
deration provision has been mode for attaching the case W &

St ventilators

D o ) -
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Tigure 23, ToNTITUASH Sleve,

Figure 24, Open Sigve.

Ilgure 25, Mechanical Sieve (186)

Figure 24 pictures an easily portable open mechanical sieve

(148), while Fipure 25 shows a hendy enclosed sisve (186), The

rvat ease of portehbd lity

3 inexpansivmless, and productivity serve

to distinguisn electromaznetic sieves, which do not require an

electric motor or wires to cause them to operate and which are

fed directly from the illvwination network, However, the sieve

cloth is clogged very quickly by the powder and poes out of

: cormission,
For eifting nowder wixtures which containing sticky or lubrie
cating agents, it is sometimes found necessary to rub the mixture

through the sieve either by hand or mechanically, Classifi ation

of powders into categories by Sifting through a sieve ig possible

in practice ohly for sizes Up to 250-300 mesh., Fop thig reason

it is necessary to resort to alr (separation) clasgification for

powder particles smaller than 40=50 microns. airp classifiers

(separators) are Sometimes included in the equipment for manuface

turing powders (Figures 5 and 6,

MIXING OF POWDERS

The mixing of powders requires the axpenditure of more or

less considerable work for overeeming friction angd in‘oerlocking

:
g
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ameng the particles being mixed, Existent methods of mixing
&y be broken down into the following basic types,

(a) Mixing in drums wlth excentric axes of rotation, The
overcoming of friction emong the particles and theip mixing is
achieved by means of shalcing off of the powder as it is being
rotated around an excentric axig, Figure 26 shows g mixing drum
designed by TsNILTMASH. The drum makes 30-40 rotations per
minute, The capacity of the drum, depending upon the scale of pro-
duction, varies from 100 to 500 liters. The recommended coge
fficient in Til12ing with pewder mixture ig /3¢ The time re-

quired for mixing takes about 1 hour,

(b) #ixing in banl wills with steel balls, In mixing the
particles frietion is overcome by the colliding action of the
balls. The greater the pulverizing result to be achieved in
ball nills, the greater must be the total weight of balls with

respect to the total welght of ‘the powder mixture,

(c) Wet mixing in ball nills, In this case friction
among the particles being mixed is weakened by the action of
the liquid (water, alcohol, benzine) and results in & nore tho-

rovgh nixing than with the dry metl)fé.
Figure 26, Mixing Drum,.

Figure 27, Vibratory mMill,

1580 s ! GiA ROP83.00039R000200070005.8
d i Part éanitizéd 66 Abproved for Release 2012/03/14 : CIA-RDP82-00039R0!
ed in -




!
i
1
i
|
]
¢
L.

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

(d) vibratory miming, dry er wet. The overcoming of frietion
amony the particles being mixed is aided by having the balls pule
verizing the mixture also vibrates. Vibrat ry mills (Figure 27)
have come to be used In the hard alloy indwstry (142). Their adopw
tlon has made it possible to shorten the time of pu’lym*izahicn

by six times.

Dry wixing in drums is found practicable for use in the

following casess

(a) for powdefs of sof't metals which are greatly deformed
when processed in ball milisj

(b) for metallograihite mikures, inasmuch ag graphite ]
particlec when processed in bell mills hay often completely

coat the metal partlcles, which reduces the strength of productsy

(e} when it is necessary t. limit reciprocal reacticn

emong the components of a mixture;

(d) in those cases where especially thorough mixing is not

required.

On the other hand, where it is necessary to increase the
reaction among the componemts (as in the mamufacture of hard
alloys) and where particles must be pulverized and carefully mixed),
preference should be given to mixing in ball or vibratory mills,
When it is especially necessary to obtaln a carefully mixed
mixture (such as in fabricating tungsten=titanium hard alloys),
recourse ishad to the very prolonged wet mixing in ball mills ;
sometimes taking up to 5 days. i

For certaln cases there is practiced the introduction into
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the powder mixture of componsnts in the form of axides or their
solutions (usnally for ductlle metals in cases where they comprise

a small percentage of the mixture).

Sometimes it is necessary to mix metal powders with organic
olements (such as rubber, stearic acld, zinc ether or atearic
acid, glycerine, etc.)s Usually in such cases the mixture
ig dissolved in a solution of the required comonent contained in
a volatile organic solvent (benzine, alcohol), Ai"t'erv the solvent
has volatilized, the particles of the powder are covered with a

more or less thick film of “he introduced element.

PRELIMINARY PROCHSSING OF PGWDERS

In a number of instance powders are subjected 1o a
special preliminary mechanical or thermal processing, or their
combination, for the desired change of their properties.

Such processing may be dors together with mixing or sifting.

We have already spoken ahove about the processing of
powders in ball mills during mixing for the purpose of pulveri-

zlng then and increasing their poured weight.

A prelininary heat treatment of powders is often practiced
for the purpose of increasing their plasticity and comprassibi-
lity (through reducing oxides and removing cold hardening),
Semetimes heating is used for obtaining homogeneous hard solutions
~— homogenization of a mixture (amealing of brass-zinc

mixtures, annealing of carbides of tungsten and titanium, etc.).

Iaé;ffiéd‘ in F’aﬁ - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8




Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

Prelinlnary thermal Lroatments are caeried cut in a pro=
rective or reducing mediwn at & temperature of 60~100 degrees helow
the baking temperature (Lv very rarely happens that it exce‘eds
the baking mmpsrature). Such amnealing quite {frequently 18

done in baking oviMBe

N =

e s S
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Chapter IV
PRESBING

Pressing of powdsrs has for its purpose the molding of
semifinished products having the dimenslons and form necessayy
for obtaining finished produets with allowance be:lr;g wade fox
deformations caused by later operations (baking, callibration,
stce)s The strength of Criquettes must be adequate for them
to withstand handling without breaking down prior to sinter-

ing (transfer and packing).

Pressing wore than any other operation in metalloceramic
technology, including baking, 1imits the possibllities of
powder metallurgys First of all, the £ rm and dimensions of
products areentirely determined by the possitdlitiescf
prossinge The possibility of using one oy another method for
the fabrication of powders frem a given metal also depends on
the pressing characteristlica of the powders being produceds
Finally, the possibdlity of obtaining metals and alloys of a
given composition also depemds to a certain exteont on the pressing
operationes It was thought for a long time that 1t was impossible
in principle to obtain metalloceramic aluminum because its oxides
could not be reduced during bekings However, the work of a
mumber of investigators showed thet it is possible o prepare
netalloceramic alupinus and that earlier experiments had given
negative results only because of the fact that at thet time it

was not known how to obtain aatisfaé@éi;y briqueties of aluninume

9
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As TECHNOLOW AND EQUIFMENRT

Preseing of powders is dome in hydravlie or mechani.cal
presses using gempored stosl press holdae

pressing 18 composed of the following operationss

(a) measuring off and pouring the powder pixture into the

press mold,
(b) pressing,

(e¢) removing of the senifinished product from the press molde

Measuring off of the powder mlxture ig done either Ly
walghing with automatlic-by velunee Vinen measurding off in hand
woighing, welghlng ig dome for the most pert on a labore tory
balancse The handling of portions besng weighed or poured into
a press nold ls generally dore with the help of small tin cupSe
Sometimes automatic seales (Figure 28) are used for weighing
portions (186). The accuracy of weighing on such scales (126)
for small briguettes at & rate of 4=5 portions per minute is
atout plus or minus 1 pevcente To lighten the task of pouring
into prese molds there may be used tin Dinmels placed into
openings in the rocaiver of the press molde OScmetimes the ac~
tual receiver of the press mold has ayrengementa in the form of
conical or funnel-shaped openings at the loading ende Attention
should be paid to evennsss of pouring am to the levelness of the

surface of the powder in the press molde This is achleved in
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Various waye e by shaking the press mold ty hand, (such as by
kmocking with a wooden malet), by mechanicsl vitration, by
using pres: molds the volume of whose logad has been exactly ase
certained with respect to & piven portion of powder (this method
18 used espsolally in autamatio pressing), and, finally, hy
using special leveling devicese

Figure 28, Autometic Scale.

Flgure 29¢ leveling Out & Poured Mixturae,

Figure 29 shows a poured mixture being leveled in the pressge
ing of a disk as described by Cardin (32)s The prees mold is set
Up on 8 votabing table. The poured mixtuve is lgvelad out by &
statd nary levelsr while the pregs mold ia being rotateds

Press Moldg

. Pregent-~day press molds have a coneiderable mubor of
purtss However, the principal parts are three -- the mold or
matrix, which shapes the side exterior of the briquette; the
die (plunger), a movable part whieh shapes the wpper surface end
compresses the powder; the stand op holder, which ehapes the
bottom surface of the compact and prevents the powder frum
falling out of the press mold (Figure 30)e Bosides these three
fundamental parts there are vavious auxiliary parts which moke
it possible to remove the press nold, assure exactness of the
size of the briquette dimensions (controlling guides), cause
compragaion to be even from both ends,  atee
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a b
Flgure 30 A Cylindricel Press Molde
‘ & = pressingy b - pressing withdrawal}
i 1 - moldy 2 = plunger; 3 - Lasej 4 - stand
for pressing withdrawaly § = compacte

Figura 3l A Msmovntakle Press Molds
1 - shoes R = bolty 3 =~ cheskas
4 = plungery 5 = liningy 6 = oompact.

Figure 32, 4 Dismountable Press Mold {194}

. press molds consist oftwo types glassified sceording to

the way a briguetie is vemoved — Ly ejection of & product
after pressing (Figares 30, 33, 34, 35, 36, 37) and by removal ,

of a product by Alspantiing & press mold after pressing (Figures

31 end 3R). In the case of panual press molds, the base iu
vemoved after presuing end the mold 18 placed on & special

atand (Figwe 30b)e Then the die is depressed and the product

19 therely ejected. The pressurs to secure ejection varies frcm
5 4o 60 percent of the compacting pressure {depending on the

height and cross section of the product and the use of lubri-

cating sgents). In press molds mounted on presses the ejection

- ig done fran belew by mnm‘of a specisl pushrod which veplaces

; the bases This pushrod may serve ab the seme time as a lower

plunger (Figure 33)e In ejoction the product expands somevhat

through elastic after affect usually up to 0.3 percent with

ol respect to the diameter and 0.5 percent with respect to helighte
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& b
Mgure 30. A Cylindrical Press Molde
a = pressingg b = pressing withdrawal}
1 = moldy 2 « plunger; 3 - Lase; 4 - stand

for pressing withdrawaly 5 « conpacte

Figure 31, A Msmovntable Press Nolde
1 ~ shoej R = bolty 3 - cheskap
4 = plungory 5 = lining} 6 = compact.

Figure 32 A Dismounteble Press Mold {194)

Press molds consist oftwo types glassified according o
the way & briguette is removed -— by ejection of a product
after pressing (Figares 30, 33, M, 35, 36, 37) and by removel
of a product by dismentling a press nold after pressing (Figures
31 and 32). In the case of manual press molds, the base iu
removed after pressing end the mold is placed on & special
stand (Figure 30b)e Then the die is depressed and the product
is thereby ejected. The pressure to securs ejection varies from
5 4o 60 percent of the compacting pressure (depending on the
height and cross section of the product and the use of lubri-
cating egents). In press molds meunted on presses the ejsction
ie done from below by nmmwof a speeclal pushyod which repleces
the basee This pushrod may serve abl the same time as a 1evny
plunger (Figure 33)s In ejection the product expands scmewhat
through elastic after effect veunlly up to 0.3 pergent with
respect to the diemeter and 0.5 percent with respect to heighte
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Therafore, in ordar Go avold Jaminated cracks it 18 necessary to
provide for graduel expengion of the ejection opening (with &
taper of 0.5-1 peroent in the airection of the axis of pressing)e
This messure Wal first carried out in the metalloceramlcs 1abo-
ratordes of ToNIIIMASH (8) in 1997, Sovetines {286) & 10
minute angle of taper is peconmendeda Dismountable press molds
are gonsiderably less yeefule For thils reason they areé uged
aither In pressing frigrottes of amall ‘bensile gtrengbh
(bungeton awl hard alloys) or in compacts of complex ghapas

¥or pressing, & opountabls prose molds are placed in special
gnoes (Figure %) and gegured thersin Yy bolte or they are on-
cloged in & speclal casinge In the Jatter case the aeslgn of
the imner parhs makes for easier di.smentlings gipulbangous
pressing of seversl prbe can ke place in multichamber dig-
mountalile preds moldse &b the pravent time dhemourheble preas
polds are going aub of use becauss when uging then for prossing

it i@ gLfficuly wo avotd the fomatdion of cracks(186)e

Tigare 33 Press Hold for Bearings (194)
1 - upper plunger; 2 w poldy 3 - corej
4 - Jower plungevj § - prese tables
6 - loading sleeve; 7 - brigquette

Control guides are used to guaraniee exact heighte for briqueties.
A conbrol guide i3 frequently 2 collection of pinga or plates vihioh
are placed @ the matrix of the press mold and on which the plunger
of the press restiss Thanks to this, the plunger upen attaining

a gertain level gtops in 1ts dnsoanty thereby resulting in the
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brigquotte having a fixed ha:l.ght. But there are also possible other
types of designs for such conbrol guides. Thus, there may serve for
a control guide an sggrepgate of plates which 1s placed on the tottom
plate of the press and which stops the movement of the plunger

at a fixed lgvels Iinslly, it is alsc possibls to do without

any control gulde whatsoever by designing the die in such a

vay that it rests on the upper oxtrewity of the mold upen reache

ing a speeifle lovel.

For briquettes with inside perforations, the shaping of
the inslde surfece is done elther by the dle, the stand, or a
special coree Soveral types of press mold designs ars dis-

tinguished form each other by this fector.

Pross molds for pressing cylindrical products may be bro-

ke dewn into the following typese

(1) Press molds with one~sided presoing in which ths
shaping of the internal perfovation is done by the die., The
left sectiong of Figures 34 and 35 show this ityps of press
molds The press mold consisbs of the mold, die, two rings
- a1 upper and 2 lover - and a4 stand for pressinge The upper
ving is for the purpose of malking it cheaper to produce a die
and lengthens the pedod of its service (vwhen woyn cut only the
ring and not the die is replaced), The same function is
served by the lower ring for the shande The advantage of t:ds
type of press mold is to be found in the eiglieclty of design,
the d&m@ﬁ'&nmgm in the larger clsavance with respect to heights
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For this reason it io uwselul to employ such prese molds for
pressing sleeves wilth dlmensions that are more than 30 millimsievs

with regpect to diameter and hedghle
Flgure 34e Press Nolds.
Fliare 35 Pross Molds Shown in Migure 34 in Dlsmantled Forme

{2) Press molds for one~sided presaing which have a Gpe-
cial core for wmeking an inside hole require less clearance ag
to helght (right side of Flgures 34 and 35) in comparison with
the preceding omse Press molde of such & type can be used for
pressing ¢ylirders and thick-walled sleeves with dimenstions as

to digmeter and helght varying up to 60 millimeterss

{3) Press molds with two movable dies, an uppar and lower,
(Figures 35, 36, 37), are employed for pressinmg producte with &
large helght or with a large ratic of height to diameter or thicke
ness of wallse Such press molds are designed for use with
pregses baving elther a two-sided prevsure, upper and lower, (
Figure 33) which blocks the novement of the lower dle until the
upper ome has moved to & crrdain lewels When this position
is reghedy the lining iz vemoved and compres ion 1s exerted
rom belaw boocause of ‘the movement of the matrix in rela-
tion to the lower dlee In other cases the premature depression
of the matxix 48 prevented by o spaéial spring which rs tches its
wolght (Mgure 37)e Two-sided press molde are gensrally des:gned
for objects whoae height ranges up to 150=200 millimeters,
sometines even mores It should thorefore ba kept in mind that

‘7-
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even with two-aided presslng and the vee of Tubrceding apents

the helght may not excoed wall thickness by more then 18«17
timess Ib 18 peconmended that the nhelght te no more then two
times the dlameters Tn recent tines there nam heen noted a ten-

denay, which shovld e coneldoped Justifiable, to resory to

two-gided presning even for produsts with & anall heighte The

advantages of pwneslded preseiig 19¢ in even deneity and g;od

quelity of proging, ste dleddvanteges = in move complex

gerviclng, larger d:mengions, and cost of the press meldde

Figure 36 & TNTITMASH Press Hold for TwomBided Preasinge
1 = moldy 2 - corey 3 = ringsj 4 = upper dies 5 « lower

dleg 6 - lLinings 7w ghands
Figure Mo Prest Mold with Spring for Two-Sided Pressings

The dimensions of pros® molds are deternined on the basle
of ihe following congiderablonse The helght of the mabrix 18
egual to the helght of the briquette mltiplied by the com-
preasion factor plug the dimensions of the uppsy and lower
ringe The oempression frotor is egual o tho retlo of the yolu=
metrlc weight of the compoet to the voluatric woight of the
powders With respect to mosb ind s trial powders the comprossion
factor is about 3 while the height of the patrix 18 3.3 1/2
yimee the helght of ths compacts e dimensions of the die and
other parts have a corresponding caleulated heights

The irmer dimmeter of the matrix is equal to the outer
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diemetar of the gloove with allowance being made for changes

in dimensions during beking (@ee Chepter V) plus allowance for
compression during calibrations Wheve thore ie noted a shrinkage
during baking, the inner dlamoter should be sorrespondlngly
incr-ased, and where there is an expansion, it ghould be cor-
respendingly deoreaseds In this way profs molde sve made nob
only in accordence with the specific dimeneions of produots

put 8lso in consideraticn of the specific varlety of powder
usede Allowance for calilpation ueually is equal to 0pd5~0e49

nillimeters (depending on the dlemeter of the sleave)s

The spsce between ghe die (ring) and the prass mold
must be suffclent to allow free eBCAPY of aly during the packing
of the povidore Howevery Yoo large a Space nEy allow powder to
get theree Kiefer mmd cotop (167) rgcomnend clearances vayying
from Qe to 065 percent of the digmeter of the compacte e NLITHASh
(8) considers it more desiveble to have smaller gpaces (ruming
and froe setbing of gocond grade of preclaion) s Titf (Wolf)

recomnendseven smaller spaces (Figure 34)e

e diameter of the core forming the imternal surface of
the sleeve is aqual to the imer dlameter of the sleeve with
allowence for ¢hange indimensions during beking plus gllowence
for the space between the palibrated core of the die and the
jnalde diameter of the beked sleeve. The spacs goually is equal
10 0200430 millimeterss The outer diemeter of the meld is
caloulated on the basis of the yield point of the materdel from
which the mold is made and the tensions developed during pressings
The compression pressure grows with the hardness of the original
povders, the denglty of precsing, and the relation of the height of
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the btriquetie to the thickness of the walls, and varies between

1,000 and 6,000 kilgorams per square contimeters The specific
laterel pressure for e square cotimeter of lateral surface of
the briquette usually makes up 25«35 percent of the speoiiic

pressure of e comprepsion. Lateral preasuwre (8) may be oom=

puted vith the ald of forawle

©) |

where 48 the cosfflcient characerizing the relation of the

late &l pressure to the presure of compression,
ip the relative density of the campact,

is Poisson's coefileient for the metal powder,
in the gpecilic lateral pressure,

18 the specific pressure of mmpi~asx-ion for o partie-

culay ar-a of the briquettes

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8



Declassifi . -
eclassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

1
i
3
i
|
i
i1
H
)
!
|
{
|

Table Se
THE VALUE OF WITH RESPECT T0 THE TYZ:E OF METAL AND DWNSITY OF PRESSING
a R
Netal 9-100 7 G - FoVry - Sov W -T707% Q 6o ¢ d i
e 1 o, lb L o 1T .o 0l
Tungsten 6.2l o 0 0. /6
i . 4 27 6 .23 /9
Iron 0. 39 G d® oozt
) . ) "G w o B G 30 O.25 0 .20
o O 49 T R g
n
o 05y R I L S 34 0-Fn O.gy O 21
pper ‘
Lead o1 BT A TSP o RO 0 2% ]

In designing press molds the considerations described in

Chapter ¥III elating to the shape and dimensions of parts

5
i should be kept in minds The low fluidity of powders must also

be considereds

a b
Figure 38. Pressing of Products of Complex Shapee

1 - with one dieg b = with two (167)e

For this reason, as Cettsel? points out (153), with respect

to a product of unequal dimensions the principle should be ob=

served of having an equal factor of compression for all verti-
cal cross sections along-the axis of pressing. Two possibilities

exist for fulfilling this principle in practice. In the first

oase, instead of one die there can be used geveral independently

shifting dies (153, 169), Thus, in & press mold with one die
(Figure 38a) the density is greater in the center of the compact

then at the edges, while in & press mold with two dies (Figwre 38b)

S T :
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the density in the canter and around the edges 15 equhle In the
other cese presaing is done (Figure 39a) hy aveléing the
gtomping of the final shape which i® acquired in a later prosging
aftor baking (Figure 29b)e In this case equality of the com=
pression raator 18 schieved not by means of one b of two

prossing operations, prdor to and after baking (Chapter VII)e

a
b
a
b
Phgure 39 Pressing Products of Complex Shapes
a = after proseing} b - after bekingand gecond prossing
(Gramseal'). The i‘&mém give the relative denstty for dife
forent parts of the specimense

Figare 40 Praseing of Notched PeriBe.

The pressing mettiods used for complex products with
wpven Glmensions as to height (3196) are phetured with respoch

to & muber of details in Figures 40, 41, and [

The helghts of the povider charges and the briquettes
are shown in these drawings in terms of units hy means of
broken hordzontal 1ineSe The desireble coafficient of cow-
progsion for the powder with yespect to the cases mnder consider-—

ation 18 equal to 3e
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Hihae difference in the helght of the products does not eXe
coed 25 percent (notched part in ¥igure 40), conpresslon may be
achieved by one upper die (the lower die 1s uged for e@jection)e
The greatest hedght glven for a part is in Flgure 40 and conslete
of 8 unitm, while the haight wider the noteh is of 7 wite. The
height of the poured puwder congiety of 23 unite, which is a
compronise with respect to the theoretically required R4 units
for the greatest height of the unit (24,38 2 3) and to the 21
units for the height under the notch (2187 - 3)e After pressing,
the coefficiemt of compression for the highest places of the
briquette is 238 = 29 and 23¢7 7. 343 wrler the notehe Ia
this way the coefficient of compression is clpse to the jdeal
valoe of 3 for the different parts of ithe briquettay while
the density is sufficient for the use for which the product is
intendeds Further equalisation of density way be achieved by
calibrations

Figure 4ls Pressing of a Flanged Parte

Flanged details way easily e made with twowsided presge
ing, provided that the sise of the flange does mot excoed 25
pervent of the heighte In the flangd detail shown in Figure 4la
the helght of thy entire plece i equal to 4 urd ts, that of
the flange to L 'he flange rart of the preoss mold has bean
designed to veceive thres unite of pomder, that of the body 12
units, Jn compression, the upper plunger 1s depressed by 2
units, the lower is relsed 6 unitse The wefficients of oome

prasgion for the Ilange 28(3-2) 2.3 and for the sntire object
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128(12-6-2) 3 are identicals The part in Flgure Alb differs
fpom that in FPigure 4la only by the preator width of the flanges

In this comoction a compound lower die has been provided in
order to avold brenking the flange during ejectione

Figure 42, Pressing a Detail wish a Tvo-Step Flanges

Flgure 430 Press lpld for a Conplex Detaile
1 = upper dleg 2 - detall of upper dle with en independent
spring movementj 3 - brigueties 4 = powdery 5 - lower die

6 - At rixe

Tiguve 42 shows the pressing of a more complex deteil with
a two-step flange. The total height of the detall is & unids
wheve the height of the longest diameter is 5 units, of the middle
ome 1 unit, and of the smallest 2 units. The height of the entire
charge 1s 22 umits with 15 units above the first flange and 16
above tho seconds The upper die is depreseed 10 units, the
lower raiged 4 units. A satisfactory compression is thus secureds
total 223(R2=10=4) - Re 5, above the first flange 153(15«10) = 3,
and ebove the second 163(16=10) 3 247

My other metio for the dimensions of the flange eould have
secured & satisfactory density for the second flange, for it
would hove been necessary in pressing the detail %8 resort to a
compound lower plunger composed of two parts or to fivst press the
detail for one flange and later obtain the second by machining.
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Tigure 43 uhows the design of B press mold for & complex

detail (186)e

The press mold has & gompound dle with & gpring and with

independent povements for the romposl te parise

The most crucdal parts of the press mold (matrix) are
wede in the USSR of el? atoel with & pardnese after hard=
oning of Ro = 00-bhe Msotdy (81) considers tho Ehvo steel
1o be more suibables For urimporiant parts there ove used th®
Jess diffioulty aveilable steels (077, EnKne15, Ste 3y Ste 5
@toe)e Cortain vriters (194) recowmend Tor the use of melds
and cores highespeod steel Wil 6 hardness of Rg v 02 alter
nardenings heve 819 glee vecomendations (167) to use ineerts
compoged of netrllocarenic b vd alloys whenl waking many briguebtes

of dets 118e

mahle 6 presents sertain data (187) on paterials for pross

nolds in terms of the mmber of briquebtes to be presseds

The longevity of presd molds o average dismeter used for
preseing lron snd copper powders Ag wenally 20, 000-50 ,000
briquettase Aftor this they ney e reground over the antire
dimeter or, afber sldght ropoldshing, nitrided In amporia gale
Wirding brings on & certoin congtrioture of the inside diemetery
tiue making 3b possible o agein presy producta with previous

dimensionde

In a mmber of cases (1g7) the die and the inney lining of
the mold nsy be roground after 10-200 thonsand pressings of iron

S

- Sanitized Copy‘A‘pprrdvéd for [?élea

6 2012/03/14  CIA-RDP82.00039R000200070005.8




Declassified in P:
art - Sanitized C
opy Approved for Release 2012/03/14 : CIA-R!
’ | - . -RDP82-00039R00
0200070005-8

powders A presd old may be sald to have been completely worn

out only afver the milidonth preasinge

w

qable 7 glves dnte on the 1ongevity of press aolds wads
from Q4.2 foxent matoriales

' In mechanical working (grinding) of 8 aotall press wolds
becuno pognetizode In ovder to prevent the 4ron powder fyom
abicking they have to be denagnetizeds Denngnetization i dons
{n an inductlon coil through which an plternating carrent 18
passed.e The clama;’,néti.wd purts are placed snto the opening

of he coll for & fow Beoondee

Props 1ol in being instolled have W be conbered in order
4o awid the plungers of hydravdic presses or thogo of mechanical

preases from SLentings

The jnstallation of jndushredl pres molds on pressos is
shown in Flgured 93 and e The devices need Lo inetalling
press molds are gomevinat L fforent Lrow thowse employed in dn-
pialling ghanplng npachingse Figures Ads 46, and 47 ghow
gug pestions for quifym ine designs of these dovices (Ls7)e
Tigure 458 ghows the s tandard gondbmoetion of a lowey dle,
Figure 450 8 design which auoes inatallation and dismountindy
peing spacially adapted 1o the x'aquimnwta ol powder petalluvgye
PMgure Lba GooWE e weual constrootion of & coupling for
commacting the 1ower dle with he plunger of the presdy while
Figure 46D shows & detachable conpling woxe gud table for
quick installations The design of the device for spstalling the

matrix of & press mold 3o mere suitable in Figare 470 then in
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Figure 47ae

For certain cases certain agents are introduced intc the
powdar mixbure in pressing which inorease the strength of the
kriquette or deorsass friction and ince age low of nowdera
(solutions of rubber with bensine, paraffin, stearic aoid,
ainc ether of etearic acld, solution of camphor in alcohol,
glycerine, otcs)s It i recommended that preas melds be oleaned

after several pressings.

Fligure 44e Installation of a Pross Hold for Sleeves,

a b
Houre 45, Lower Dige
& - dasign wsually fowmnd in resses; b - design for pressos
in the metallocaramic industryy 1 - corey 2 w disg

3 = supporting part of the dis; 4 - die holder.

a b
Figure 46s Couplings Connecting the Lower Die to the Plunger.

8 - in ovdinary pressesy b - in presses for the metolloversmic induetyy,

@ b
Tigure 47 Devices for Matrixes,

& « in ordinary pressess

b - in presses for the metslloceramic industrye

-17-
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{2}
Pressing

Pressure

Low Pressure

{a]
Ko

{31 {ul
terdel of Fress Mold Processing
(R3] fel
Hame Chemical

Goaposition
Kirksayt Alloy with & zine base
and additisome of alu-
minuk anc COppers
Cast iren
Bronse
Coldercll Cesentation
steel [case

hardening]
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[1]
‘. From 5 to 50
? ‘thousand
pieces
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[2] 3]
lal [v]
Hgh 1 Tool
Pressure stecl
Low
Pressure 5 Ibic
High Rickel-chrome
Pressure & teol steel
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]

0.9% C3 1=1.5% Mn, O0il hardeming

0.25% 5i3 0.5 Cry at 760-750%,

QeS% W tempering at
190-205°
Ibic Ibig

0.75% €3 0.6% Bn3 03l hardening
0.25% 513 L.AL.7%  at 950-980°,
Hi; 0.75% Cr tempering at

135-150°

isl

61=62

58-59




-0z

{3}

From 50 %o

50D thousand
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A 11
{2l (31 1]
[a) [b] [cl]
To 7 Steel with con= 2% C3 0.3% ¥ug 01l nardening
W 4
, SRS
sidersble con= 0.25% S5i; 13% at 950-580%;
Pressure
tent of carbon Cry D28 ¥ temp:. Tins at
o
200
and chromiom 2
gl Ta Thid Ihid il bardening
figh 1

at 950'93903
tempering a2t
1259, chrome

plating
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[1]

More than
500 thousand

pieces
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7
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Any
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31
[®]
Irid
Hard-alloy

metal ceramic

linings

Tbid

4]

The same as for
7 and 72 depend-
ing on the need
for rebwrnishing
and for addition-
al chrome plat-

ing

(87}
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Frgugar

In presoing hydrevlic and mechanical {{rictional and

evark shaft) progses ere uged, Frictional prosses are lesw
favorable, for thelr wse carries the visk of trosking the
press molde The medn regirenent of pronses Lo that they have

a suffiolently ‘ter9 window (vhe dletance batween the plunjgor

4n 1ts upper pesition and the lower piate) and gtrake for the
plungore The size of the window should be from & bo 8 timasn

the height of the compact, o stroke 3 1/2 times, Prasses are o
be proferred whlch beve an nppes and leny compraseion (for
ejecting the coipactle A pydraulic pros of this type is shown
in Figare 438e Copieln specially doslpnsd presces provide nob only
vertical bub alwo 1atoral. conprossions In moballoceramie mems
fachbure pPressos of both eingle and double sction are ugede

A6 the presert tine thare are being budlb hydraulic presses for
briguetting of mabel powders with & capaclyy roning up o

5,000 tons, and mechanicel (crank shalt amd axcontrie) presses up

o 1’509 tonde
Fhgure 48 Bydraulic Freads
Tigure 49 Dlagrem tor fubonatie Pressinge

sutomatic pressing 1s mosth widespraads The manyer of
operation of an antomatic press ig shown in Pigure 49, The powider
mixburey lc.\adar;‘f’mm funpel "Bk travels by ite own weleght into

sleeve LY, and onda up over the mateix of press mold e, When
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the mold 48 £1lled up, the gesm noves vack, aaking roan fov

the upper de "d% which 18 to do the presvinge After thlo the

1ower dla "e" sjechs the produet ard the sleave "L nmoves fov~

wmrd for the nevt loading and in the sumd process pushes olf the
toble the prass preducte Avbomatic presclng wey Lo dong both

on hyrdraulic and on macharies] presrecs The productive capd clby

of autematdc procoes reached aoversl thousand arbicles an houde

The problon of antomatic presging s cenmocted not ouly with the
panufacture of autmatdc prosnes, the design of whidh v not j
particnlerly comnlex, bt alse with the mags production of pro=
duets of a pertlevler size ard the ues of & atrictly shandardized
powder (with constont povyinyg vedght and fnidity of pomder mixture).
Inssmuch as the ingtellation and ropuwlating of now peess nolds

on sutonatic wesses takes much time {up o 30 hmzrs), aubomsbic
preesing s nod profitetle for mpall-quantity produg tion snd

pone-stenderdized powders, Flgure 50 showg an autenatic preds.

The speed of pressing ig greser for smell and ron~conplex

items than for large and complux oNele

Tn nor-avtanatlie prossing and Toading a bwizade of 2«3 persons
(press operator and welgrom, OF pross operator, welghor, and pourer)
¢an produce on & single press in 8 hours from 400 to 8,007 detalls,

depending on the gize and complexnens of the products
Figure 50, Antomatic Preade

In automatic pressing and loading the spged of prassing is
determined by the spaad of the prosse Twe , the prossing of gimple,
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gnell deteils on @ rotating automatle press ol the mechanical
type mey be done &b & speed of 1,000 atrakes pev minutes The
spsed of pressing of lergor and more complex details on _l‘wdraulic
proases decreases to 4 strokes a mimutes The speed of the stroke
ef the plunger on hydraulic presses may attain 750 millimeters

2 minute when losded snd 6,000 nmillineters whan enptys

Diffrent lypes of Prossing

Bt ("mundshtuchnoye®) pressing is widely used in pro-
cossing cast mehels by pressing for obtaining pipes, rods, etce,
and 2iso in ihe ceramic and elecirode industries for pressing

bricks, plpes, electrodes, eltce

Bit preseing was introduced into the metalloceramic indus-
try as early s ab the end of the last centwry (167) for pro=
duclng oemium wire for use in electric bulbss In 1903 this method
was applied to the pressing of tunsten. The design of a press
mold for bit preseing of wire (138) is ahown in Figure 51s The
prescing operation calls for squeezing across the opening of
the bit a pasbte obinined by mixing pondored tungsten with wabtar,
o water sclubion of sugar, de.trin, tragaownbly, Ghc., or even
a cadmium-mercury omelgam (167), In bit pressing, the powder
is cowpressed by pressure directed at ovevconing the frictlon of
the powder (paste) againgt the sides of the opaning of the bit.
Bit pressing was ddgeontimed in the metalloceramic industry

prier to 1910«

However, bit pressing was resurrected during the},;vaara of

the last war, when it was widely used for making pipe sectlons and
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yods of hard alloyse Theve was recently published a work (166)

dealing with bit precsing of wold vods from 18«8 steel.

Fowders from ferro~chromivm, silicon, ferro-silicen, nickel,

noangarese, and iron ere mixed with starch and water and then

pressed across the bit, fash:ioning continuous rods having a

dlameter of 6 mlllimeters, These are later heked and sublected

to additional processinge )

The advantage of Wi prescing over oxdinawy pressing lies
in the possibllity of obtaining products of even density with
a very large ratie of length to the trensverse cross sectlion

and to the wall thicknasde
Floure 51e Diagram of Bit Prossings

Thereare indcaticns that it is possible to adopt centrie
fugsl pressing (194) wherein particles press against the walls of
the press mold throvugh the action of cendrifugal force produced
by fast rdations The sdvantage of centrifugsl force is applied
to each individualparticle, and not to the entire eomglomerate,
which makes it possible to eliminate the defects commected with
the friction of the powdor against the wall of the press molde

Gardd (Howdy) recommends the adoption of wvacuum pressing eof
fine powders with low fluiditye According to him, vacuum pressing
of natal powders is widely used in Purope. However, we were unable
0 get any confimation eoncerning the industrial application of
this methodse The plan of & vacuum press ingtallatism as indioated 4
by Gardi 48 shown in Figure 52, In Gardi's opinion the vacuum
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method has the following advantagese

Flgure 52+ Deslgn of Vaouun Press Installation (156) o
1 « vacuum pumpy 2 = gxhausby 3 - diey 4 - matrixg
5 = porous Plugj 6 - mancnetery 7 - valvey # - vacuum

pipes 9 - hermetic bunker; 10 = vibratorse

(1) Increase in the fluidity of powder. A copper pawer
with & 94 percent fraction minus 925 mesh, when tested in alx,
would mot at all pass through a funnel with a 3-millimeter
opening. Vhen tested in a vacuum (3 ndllimeter mercury column) g
410 grans passed through per mirmute, Increase in fluldity is

connected with speeding uwp the losding of the press molds

(2) A considerably greater density in £illing the press
mold vith powder pricr to wressing, vhich decreases the compres=

aion factors

(3) Up to five times less pressure necessary for achieving
the required density in pressing (from 40 kilogrems per Square
millimeter to 8 kilograms per square millimeter). (Such a large
decrease in pressure, even though observed by Gardl, seems
pwrpriging to us, although & certain amount of decrease in pressuve
1s doubtless poseible. Its reasons are explained in Part B of
this chapters) A

B. PROCESSES TAKING PLACE DURING PRESSING

: Déclass'f' ¢ art - e :
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Yodification of Sturature

Metallographic and Xeray study of the structure of compacte
gives us cortain inglght into the procesees vhich teke place durdng

codd predngs

‘ In coumpressing a cast mebal the individunl cryatellites
ove produce the deformation of the ontirve conglomerate and ard
ordenbed in the direction of the deformation of the metals Such
an orientated deformation of the grenules is comected, a
invesbigation with X-ray hes shown, with the textwre and a defl-
rite predispositdon of orientation of the lattlces of the
erystallites.

A powdered metal in contra distinctlen to a solid casb
metel may be defomed both through the defomation of individual
particles and through the mixing of pmbicles in such a vey as 4o
£i1l up the poress In pressing the height of the briquebte
decroses 3w and more timss. However; metallographie axperiments
carvied out ky the author (4, 5) on briguettes mode from powders
with equal-axisperticles ddd not show any appreclable change
in the relation betwoen vertical and transverse cross sectlons
of particless Figure 53 shows the structure of & coppor
povder counpressed by a pressure of 40 kilograms per squarc
millimeter, the partieles of which haw the original spherical
shapes As can be seen from Figure 58, the pressing did not
result in the squashing of the particles in the direction off
conpression bid in @ mn-orimd deformation at places of mutual

contasts As & reanld '&.ha_parﬁiem preserved thelr equal=axis
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chavacter while changing from sgugl-axis spherical particles to gguale g
axis polyhedral particless In comection with such a soening alle :
sided YeomtactM type of deformetion, briquites show en absence of

the stmeturs indicated by the Y=ray investigatlons of Trezhobyatove

akiy (192),

However, even if the preferred orientation of the
lattices 1o absent, there is cbserved an orientatlon of the
actual particles due to the unequal sizes of the original parti-

clags Unequal-axis particles
Tigure 53¢ Briquette of Grenmulated Coppere X 500 (Ballshin)e

aven prior to pwrescing dlspose thenselves over a wider cross

seotion of the hovizontal suwrface perpendieular to the force
of Lhe weighte This prefareble orientation is &311l move

intensified by the compressing aotion of the pwessing.

b
Pigure 54s Compaot of Electrolytic Tin with a Fplative Density of
80 Porcents & - transverse cross ssotiony X 5003 b -~ the vertical cross
section shows the direction of the compression
(Baltshin)e

Figure 55 Fractured Pleces of Baked and Comprossed
Copper Moldings: Pineegrained and Stratifieds Dlrection of
Compression ¥ 1 (Baltshin)e

AR s s R 2
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Flgure 54 shows the orlentation of campacts of eloctrolytic tin
powder vd.th uneven axgsfor particles of wide coras gootion phYe
pendicular to the PYESSe Oricnbed stratification is to ha
noted both for the large Praetured picose of compacts and sine
tered products made from powders of £lat partioles (Flgure 85)
Such sn orientation increases agcording to the degree of conpression.
The spface laysrs of the compacte are also frequently observed
to havea “surfmoe" orientation of particles which are disposaed
with respect to thelr wide eross gaction parallel to the gurface
of the objects This phenonenon iz coused by tae friction of the
povdar against the well of the pross molde It is greater ln the
frangverse crogs section than in the direction of the conpression
booauge bthe lateral pressure ina briquette is lsss than the oot
pression pressure (see Figure 54)s The author took a cownt of
particles on werticel mmd dransverse microsections of briqueties
of even-axis particles conpregsed to different densities, The
runber of particles present per it of area (and wit of length)
increased in proportion o the volumetyie denglsy of the compeetSe
Consequentlys the values of syolumetadot, Plabt, and Rlineart
denglty colncide with povositys They may, of eourge, be ;gmé.ter
for scme cross scctions than for obherz, but the average values

colneidas

particles pores
Fhgure 56. Schematie Drawing of Consolidation in Prossigs
a = 50 peveent porositys b - 25 percent porosityy ¢ = OO
porosgitye
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A schematlc drawing wos mede of consolidation in pressing
on the bards of these counts a; ghown in Figure 56 lhe schem
matic drawing shows that the masber of vertical layere of pawrtie
clen does not change in pressing, while the trensverse layers
decraane in proportion to the volume (in inverse proportlen to
the density of the brdguebte)s The muab v of layers, bobh
wrtioal and transverse, doss not chengs per unit of lengbhe
However, the mmbor of partioles per wild Jengbh of lgyer ine
creages proportlonally to volumetric denslibys The drawing shows
that consolidaticn oocurs seeningdy by swing particles inio
enply spacess This movement of particles iz apcompanied by

dleplacermt in the exdisting placns of contacte

Thern teless place simdtenecusly with the dlsplacement an
increase in the areas of con.act swface (Flgure 53)s Contact
deformation arising dn thls way must be acgouparded by coldw
erdering of the particlese The indtlsl consolidating phases of
preseing wers pointed out by Trshetyatovskiy (192) on the Lesds
of Jeyuy ﬂ%&wa of briquettes and changes in thedr havdness during
bakinge MAccording to Trebslyatovekiy's findings the Brimel
hardness of copper briguetien compressed wmder & pressure of
200 kilogrsws per sguare willimeter reached 380 kilogrems per
souare nillimeter, ab tho same time that the greatest hardness
of toughened caat coppar wes only 130 kilogmms per square
nillineters

[T
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Flgure 57« Dletortion of Twiming Planos Qocurdng in
Prasuing Flsctwolytic Copper at a Prosgure of 60 Kilogrems
per Square Millimeters X 500 (153)

Defomabion and toughening of particles is localized
principally in the vielnity of the places of contacts Vith
inovease in the density of the M:‘Lqﬁetm, the deformation ard
toughening 8pread both along tho surface d and within the pape
ticless Pressing may be accoupanied not only by plastlc tub
also by trdibttle deformabion expressed in the dlaintegmtion of
particle agglutinations lato individual particles (Figurs 12),
destruction of extemsl protrusions on partiels and somotimes
oven of the particles themselveo (such as in compressing a

trittle cast iron shaving)e

Gontach Phencpens

Purther wlerstaniing of the processes of preseing mush be
preceded by an adﬁﬁainmnca with certain elapentary facte dsaling

with contast phanousriae

Contact surface is determined by the gize of the paris of
vodies (particles) in contact with each other ani by the separations,
the bransverse dimensions of which do not axeped the radius of
action of atomic (molecular) forcess Nutual contact existing
botween aéntigmw bodies (particles) may be elther direct or
through the film of the adwd#tuma.

Shresses elther existing within bodles (particles) ov

being exsrted by one body (particle) on snother can be Yransnitied
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anly through the agency of pmoleaular foroede For thls maeori,
the definition given above may be peplaced by the following

equivalents

Tlgure 58 profile of a #wSmooth" Surface of & Particle (Ardenn)e

a b ]
Figurs 59 Contact Surfacte
& - surface of geparation pcpetﬁicular 40 prescurey

b and ¢ = rob porpendicular {0 ProsEures

Conbact points are frequently the prineipaly and sonstimes
the only chamels for g raneni tting enerdy and diffusing different
processes from one body (particle) to anothers Thus, the frange
for of glectrical current from one sonductor to gnother generally
takes place ab the pointa of contacty heat 38 transmitted from
one body W anctheyr more effectively through sontact pointse
The procestas of bemical reaction and diffusion spread BMONE
golid bodies primarily and sometimes exclusively throvgh direct

contecbe

me surface of solid bodies, even where polished to nirror-
like luster, are cheracterized by & certain roughnessy capilleries,
ard microscople or sutmicroscopic crackse Flgure 58 ehows the
uneven profile of the suface of a powder particle pagnified

many tinese

-33 =
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Trarks to this roughnoss gontact between contiguous solid
bodies is possible in the abaence of external prossure only in
1solated pointde

1ot us assume that WO bodies belng gubjected to prosgure ]
P nomal o the surface of so;}amtion are touching each othar
through protruding points (Figure 59)e let us further Suppose
that the boundary between the contact areas eodneldes exactly
with the surface of separation for the contiguous podiesy letey
1% is normal to the pressure being applied (Figure 59)¢ Yhers the
surface A of thess contact area is very small, while foree P
is large, then the actual specific pressure on the contact 86C~
tors -%-— exceeds the criticel stress T, and thus there
begins a plestic yield orn the part of the pateriale The in~
crease in contact surface resulting from such plestic defor-
pation will contimue to thet moment when the stress in the con-
tact areas decreases below the oritical value &, ¢ With res-
pect to this the gize of convact gurface 18 debermined by the

formala

s - 7 (10)

(10a)

ie 0ey Afe I8 equal to & gongtant, then the giga of contact

surface 18 promx-tional to the outside pressuras
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Actually, the contact surface almost never goincides with
the surface of separation (Figure 59 b and ¢)e It is not aiffi-
cult to understand thab the yleld point of contact protrusions
does not depend on the profile and actual size of the contact
surface but only by thelr transverse Cross section, 1. @e; O1
the magnitvde of A of the projection of contact surface on
the surface of geparation normal to the pressure peing appliede

In whichi case

o
(J e 7 /é} » (11)
or
/ i‘,}f‘ = G ? (11a)
P 1la

In the future we ghall almost always be dealing with this
projection of conmbact surface on @ gurface normal to the acting
force ('3“} . It would be much more correct for brevity's sake 1o
introduce for the temm /qu» a special expression, such as

wpominal contach surface®.

More appropriate terms would be neontact section" or
tgrea of contact gection" inasmuch as this projection is equal

to the section of contact protrusions norml to the acting force.

We shall also make use of the expressions ngontact surface" and tgize

of contach surface® with the understanding that they do not

refer to the actual surface but to the projected gurfaces

Non-reversible deformations of gectors may be in a

mumber of cases not only plastic bub also brittle. For example,

- 35 =
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a plece of coal or chalk under the actlon of ite own weight leaves
a mark on paper due to thetreaking off of particles of the
material at the places of contacte Formula (11) would con=

tinue to hold true even in the case where by G is meant

a critical yield point the exceeding of which causes protyu=
sions to continue breaking off until there are formed supporte
ing areas of a slze large enough to cause the pressure per it
of area of the contact projection to decrease below the cri-

tical value O e

The value of the critical stress &, is closely comected
with the hardness of the material. Tn formula (11) it follows
that Op is equal to the pressure necessary to form a contact
surface, the area of projection of which on the surface normal
to the acting force, is equal to one. In determining hardness
according to aneli, Vickers and Meyer (one can get detailed
information on hardness according to Meyer in 0! Neil's book
- 92), the mark made by the pressure of a steel or diamond
ball or cone on the softer metal being tested is essentially
the surface of contact between them. Hardness according to
Brinell and Vickers in this case is equal to the pressure neces-
sary for forming a unit of area (1 square millimeter) of the
surface of contact with the experimented metal, while hardness
according to Meyer is equal to the pressure in kilograms being
exerted on the created contact sector having an area of pro jec=
tion equal to 1 square millimeters I, bthis way the critical
pressure expressed in kilograme per square millimeter coincides
with the hardness of the material according to Meyer. Hardness

according to Meyer is usually a little greater than hardness

-3 -
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according to Biinell or Vickers (by 5==0 percent.). In compressing
powders e zengrally have to deal with the contact of bodles
(perticles) of jdentical and not different hardness a8 in deter-
mining Brdnessets However, We can assune aven from these theores=-
tical considerations thet the projection of contact surface of
the test body on another of more or less identical pardness does
not have to essentially depend on the hardness of the latter and
i determined by the valus G of the tested material and the
pressure belng appliede This supposition is confimed by data ob=-
tained by a number of investigators in measuring the gurface of
contact between similar metalse Table 7 (160) shows that in
such a case the eriticsl stress does not differ to any pigni-

ficent extent from Brinell herdnessde
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Hetal

Bismth

Antimony
Silver

Copper
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Ioad P
at Contact

in Kilograms

3
3
3
3
6
[
3
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Table Te

VALUE OF CRITICAL STRESS (133)

in XKilograms Hetal
per Squars
Hillimeter
2.3 Gold
3.8 Platinum
iseS Hicksl tempered
10.6 in a vacuuR
3140 soft Tantalum
39.0 Hard Tentalum
3.0 Holybderum
Tungsten

Ioad P at
gontact in

Kilogrems

3
L

&

21

in Kilogrems

per Square

53
™
83

250
169
372
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14 should ba kept qnnind that erdtical obress Gy and

hardness acaording to Meyer Am are nob constants of the matorie

al irdependend of presaure wuh lnerease wlth losd and daformation

a8 the materlal beoones pougheneds For thils reason ¢, in fomwies

(11) and (11a) inorcases with proseue wiile the comtact surface

grows in proportion 4o something less than the first power

of presgurés

a 1]

Figure s Contact Surface of a "Single" Layer of FartloloSe

a « horigontaly © - vorticale

The AESTOUS particles of powder are to e found in

ey #lgyers? and ngtordects, For tis reason tho volation of

the contact qrface to the conpaoblng PraERuYe 1y ops compleX

than in the contact of a pady of bodlese g can conglder & froc-

fowing body a9 being an agsociation of solid hodies Qp@%icﬁlaa).

18t us sachion & rectengalar priquet with & nerdeontal suriace
AR being comprassed 1n a prase mold by pressure P {Figure 60w

surface FH intersects one Jayer of particless Tet ue

examine the projection of the purface of contact Ay of this

ngingle® layer of perticles together with the other hordsental

1e layer (the surface of centech 4g shown in Figure 6 by
o one single layer 1o

aging
thick lines), Pressure P is tranemdtied fw

another in 1t antirety through the contect sectorte Haying eon-

asidered & Pree-flodng ody to be an agsoctetion of compach

wodies (particles), we can sherefore write in accordance with

formala (11)

e A A AT
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/ VA
ﬁ)r( = G t

(=)

wnera G, 18 the oritical pressaure el ng gonstently axarted durlng
@ cetain interval of presmure A fhe protection of the contact
supiace of the hod sontal single layer on a horisonted s facde

ve shall desipnate value Ay for arort as Bimply the surfuce of &
single iovi montal. layero weontach gectionte Trde 18 the sve of
projection on the horlzontal gurface HH mx*pmﬂicu‘l.ar o e
conpacting pre gaure of contact peinbe of twalcen gurface bLeing

m‘anmtwd in ibe entirety heough eontact po:i.ﬂw arxl porade

e can gind larly consider the projection of the suxface of
the single verbicel layer Aty on yhe vertiocsl plane (Figure &0b) e

1ot ue note without any derivation that

(13)

whe:e ( 388 gonstant coefficient for a known intervals
¢’ 48 the relation of the specific pressure on the side
walls of the presd mold o the specific pressure of
eoupressiony
|, is the height of the briquetie,

K is the coefficlent, conghant for & given pressure intervale

Expondlture of pressure in prossing of powder includes
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ease 2012/03/14 : CIA-RDP82-00039R000200070005-8




Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

three factors:

(1) Use of pressure Py for coupaoting the yowder in the
absence of lose caused by tue extermal friction of perticles
azainet the wall of the press mold and with even digbributieon of
pressure and denaitys over all parts of the Wdquetie. This

componant of presgure iy wllsd net proscure,

() loss of pressure Py due tothe external friction of
particles againet the wall of the press molde

(3) Extrs pressure Pg created by the uneven distribution
of prossure and density for the different parte of the briquette,

ihe sum total of cospaching pressure P - Py Pyt P3
may be called the gross pressure or the full compression

Prossure o
{a) Mot Pressure

For canpacte of a esmell dlameder ranging aboub 10 milli-
metors and with a helght of about 1-3 millimeters both losses
from pressure and super pressuro are inmignificants The come
pression pressure is alwost equal to net pressuwre (exceeding it

by appreximately 5-10 percent).

The behavior of powder todies under a welght (both in
unpressed, pressed, and also baked states) is sublect to the
following elementary lawss

(1) The same stross dirvected to & unit of contact section

Al of a powder body mormal to aobing foree P crestes the peme

o
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deformation regardless of the orlyival porosity (density) of
the powder matals This law applles bobdh to elastic and plastis
deformations (cortein cowrections would bo necessaxy in the
latter vase to conpensate for the sclidifying of the metal)s
With respset to deformations of brigueties with a nominel cross
section equal to one under the specific pressure P s this law
is espressed in differentiel form as the proportionsl rolstion
between the incrcase of stress per wdt of contach section

and the decrease in the relative volune (3 ¢

\ ; |
4§ = W’E‘i\ ™ - :d’l.;/{:g ;

a (14)

where [ 48 a constant coefficient,

(2) e indexes of strength (Witisete stress and yield
point) of powder Lodies referred to & umdt of comtact section
do not depend (iF one takes into accowmd corrections for solidie
fying the metal) on the degree of porosity and ere idembioal
both for very porous and for solid metsls This is expressed by the
formala

&
e

e
o

i;' N (25)

where @ 1s the actual tenwile strength referred to e wit of
conteet section Aty a.nrlﬂ‘c-J is the loads

In pressing the values for O (oritical stress or contact
tensile strength) coincids with the values for hardness according : v"Z
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to Meyers

By inserting into formula (14) the term Ay in accordance
with formula (15), we obtaing

(16)

where ) , if we do not teke into consideration the manifestations
of toughening, is a constant valus; = the so-called pressure

factors

By integrating the differential equation (16), we obtain

()

where 4 and (ﬁ are the ruming coordinates, while e and

“

{'-}} are the coordinates of any particular point on the curve.

Formula (17) shows that decresses in the density of a
briquette carried out in an arithmetic progression result in a
geometric increase of pressure. It is nobt hard to see that this
relation corresponds to the law of deformation formulated on
page 70 (of the original text), In reality, with any initial
pressure Sg the stress per unit of contact section is equal to
Gy . Vihere the initlal pressure is increased M, times, the
stress per umdt of original contact section ls equal to ne, « By

substituting in formmla (17) P in place of the value e, s

we obtainz

- 43 -
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(18)

is @ey an ldentical stress per b of contact ssciion
roga dless of the values for the original wlwe of compach »
and of the original prescure ", creates en identicsl defor-

mabion °

By convertlng formula (17) from natural logyithms inte

dseinal lozarithms, we oblaing

(1)

whore L‘- Delp2sy and l 16 the pressure factor, constand for

a esrbain interval of prensuree

T4 would have been more mmvrmiarit to preaent formula (19)

for @ mmber of oages in the following fonns
S
)Za/,o: ,[ /)m - A </ ’
T Lomay o

where p,m«yi ig a congbent egual o the wlue of the specifle
prassure under e condition of 100 percent density for the briguette

(Ly 535 in & relative volume eomal o ons)e

It should be kept in mind theb the conbant section iz the
smetlest of all poseible ones and that defommation in pressing haa

Ou’,—
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eppentially an intevparticle cluracters

vith 100 percent denslbty fox the Lriguetie, the contact
seotion Aty 18 equsl to the entire ayea of secticn of the press
| | noldy Leony Ay Lo (In deriving formula (20) we dscided for
plmplicityts sake that we were consldering a press mold with &
cross seotion equrl to ones Under gich a condition the comw
pachking nressung is equal to the specific pressuree Should the
cpess sechion of the press mold not be eqnl to one, this o del
couse no dig-urbance whatsoever 1yperuch a8 with respech to
the specific mesmu-e"‘{ there would apply that pert of the
cross seetion that would be equal to one)e In accordance with

formmda (15)

(1)

By substitubing - for and 1 for Ady, we obiain

(22)

ie Gey Bhe spocifle prossure vequired to obtaein 100 pareent

solidily for the compact is equal to the critical conbact shtress

or, what amounis o the sme thing, to herdnsss of the motal

pouder accexding to Meyers As pas already been pointed ouby

herdness agovrding to Meyer & ffery only to an insignificant

axbent fras the gend-ally knom Hrinell har&maa. By replacing
4 in formula (20} with - , we obtain
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(23)

Figure 6le Ideal Curve for © ' (Straight line)s
Figure 62. Actual Curve for N

In deplcting this formula graphically in semi logarithmic
coordinates .- we obtain a straight 4ne which crosses the

ordinate <31 at the point (Figure 61)a

fxperimental semi lograthimic curves do not coincide with

the theoretical curve (Figure $1)s This is to be explained by
the fae® that as a result of cold hardening both - and " increase
with the compacting pressures If one were to draw a tangent
from a point in the curve of Figure 62 having and for its
coordinates, it would croes the ordinate 1 at the point

where - is the critical stress {or, what amounts o
the same thing, hardness according to Meyer), corresponding to
the degreas of hardness of material &b a volume and pressure

« It is obvious that during the course of the pressure
changes from the values for hardness of a non-compacted metal to
the hardness of the metal at meximum toughening (where ’ 1),

the so-called pressure of emanation, as per 0'Neils

Tn Table & are given cevtein values for - computed on

-46 -
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the basie of the author!s experimontal date on not praaaufea of
diffevent notalse The @rperilnenis ahowed. {18ble 8) T.ha: t:j:
size of O corresponds o the hardness of ‘the metal O E
powder (s crohavdnesd of ps;rt.inlw) for the given degree o

aompact comprans ghone

-l -
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Table Be

vaLuis OF FOR POWDzRS (F DIFFERENT METALS

[1] 2] [31
i High Densi
Characteristics Low Density g ty
f Poeder of Briquette of Briquette
©
€3] [v] {al [v]
Kelative 6. 1in Relative G e
: i ] Kilograms
g Density Kilograms Density ilog
) of Briquette per Square of Briquette per Squere
Millimeter ¥iliimeter
Pulverized Tin, Poured Weight p— 3 _ _
3.50 grams per cubic centime ter
Fine Electrolytic Copper
39 <3 75 /o0

Poured Weight 0.97 grams per

Cubic Centimeter
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[ {2
{a] )

HediumeFine Electrolytiec Copper
Poured Weight 1.42 grams per 0o 36
Cublc Centimater

Coarse Elsetrolytic Copper
Poured Weight 2.4T7 grams per

Cublc Centimeter

granulated Copper, Poured
Weight Le50 grems per

Cubic Centimeter

Annezled Blsctrelytic Iren
Poured Weight 2.70 grams

¢35
per Cubic Centimster g
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73
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33
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3]

(21 .
{al tal

o al el

Reduced Ixron
Pourcd Weight C.18 grams
per Cubie Cenbimeter

e » Cast Iron Shavings

Heduced Tungsten

Tungsten Cartide

0§«
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Pormule (20); though theoretically very importent, is
awkwerd becausa of the instability of the coefficlents and
congtants it contalns. The author proposed a formula with more

stable values for the constantss

(4)
or in the logarithmic formula
(25)
where .- 18 the specific pressure, is the relative volume,
the relative density & the briquette, the power ex=—

ponent, which is practically constant, for a certain interval
of pressure, { Majthe specific pressure for 100 percent density,

and the cyitical stress or nardness according to Meyers

-

Logarithm of Specific Pressure
in Kilograms per Square Centimeter

Iogarithm of Relative Volume e

-5l
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Figura 63, longarlthmlo curve r for Pressing
Electrolytic Copper with & Foured Woight of led2 Orems per
Cule Contimoter (Ballehin)e

with repect to many ivon and copper powders the Togam
rithmie curves coinclde moreor loss with a straight lne fox
the indusbrial vange of presgures (10-60 kilograms per BQUAT®
il lineters)e Purthermore, the values for cemputed
acconding to the diagram ave evon in the emrly stages of com-

pression feivly close to the pressure of emapation of the metale

(v) relation of Nt Pressure to the Cempositilon of Powder

Formalas (23) and (25) and Table Othow that the presmwe
needed for compressing & powder to 100 poreent density iz equal
4o the highest eritical stress for coinciding with the hardness

according to Meyer of & mozclyun compacted metal {pressure of

expiration) e
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Tin
Aluminusm
Silver
Gold
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Table Fe

PRESSURE CF EMANATION (92)

f2] £3]

Pressare of Ememation in Brinsll Herdness of

Kilograms per Square Dncompacted Metal in
KMillimeter Kilograms per
Squcre Milimeter

9z - /oy

Steel Conteining 0.28 Percent Garbon

Tungsten
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As can be seen from Table 9, the pressure of emanatlon for i
perd metals exceeds the havdmess of the ron-cold herdmed metel ' i
somewhat mae than 5 times, for soft metrls - approximately -
3 times, i» ov, With repoct to a large degres of deformgtion,  / ]

soft metals ave toughened more than hard onese . i

The proSHUYe NeCORsaTy for compres:ing to lees than 00
pereont densliy is 2loo determined to a ecovtain extemt by the
pardness of the mebal at hhe corresponding degree of tougheninge
(ma can bring in the ides of souivalent compacting prossures foxr
powders of different metals, it with other charecteristlcs beling
idertioal (size snd shepes of particles, densdty of the ww
pour, distribution end effect of admixtures, 6tCe)s In tems of a
vory rough flrst approximation, which mey e congldered to give
primarily an order of relation, these equivelents pavallel the
Bringll hardness of ihe metalse

Takls 10 gives certain data of the guthor which show how
the speciilc compocting pressure P the critiosl stross
Q- s and the presgure factor of various powders changed with
én inovease in the relative density of briqueties from 80 to

90 porcenbe

AlL these velues in the presence of werdous other charaghor-
isthos of e powder inoyease much more mpidlar for soft motalte

0039R000200070005-
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Table 10e

RELATIOR OF ARD T0 THE keLATIVE DERSITI OF BRIGUETTES

{1 (2] (31 (4]

Specific critdeal

Presemx’s‘ Stress
§ 3 e £
' 2 g H 3
! e ot 89 % 4y 2 wil ol
[] S I3 c.g g - §=°’53
Poucer gig 28 554 £z o208 &
9% §¢ 413 &fE z &td e

Unite

{5l

Factor

Representative

Unite

Electreiyiic Tin
Pulverized Tin

-~ Pulverixed Iead
MOZ Coppers Obtained by

Reduction from Solution .-~
Electrolytic Copper i

Electrolytic Iron
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At the first glance the figures piven in Table 10 may seom
to ba somewhat paradoxicels The pressing temperoture (room)
for tin and lead 18 higher than the tempeye ture of recrystalli-
gation and it would seem for this reagon that o toughenlng
showld take place. However, 1t ghould be kept in mind that the
temperature of the heglnming of recryetallization for hxehnl
powders may be conglderably higher than ‘Tor oo pact metals
(Chepter V). Moreover, proosing is done with such spaed that no
detoughening has bime 4o take place. It 18 completely possible
in this way for powders of solit metals o cold-harden fasters
Put the fast frowth of pressure and oritical stress &7 Wwith
vespect to powders of soft metals can be axplained not only by
the cold-hardening of the perticless In great densities a sig-
nifleant rols is played by "super pressurs’s Wnile a large part
of & briquette has a relative density ~5 gmalier than 100 per—
cent, & Small part miy have o exooed 100 percent because of
compressicn from a1l sidese In this part the 1oced stregses per
unit of contact section are congiderably bigher than the rezular
values for Q¢ becauvse of the large size of the modulus of alle
around compreseion, Ib 18 for this reason that the mesn velues
for OVQ, incroase oo considerablys Super presswre and consaquently
the growbh of the values for Q7 is higher for soft than rard

‘mmla at high densitiess

Tor this reason, in order to obtain a more sxact deter-
minstion of pressure equivalents, it is necessary to multiply

the hardness of the metel by & corrective coofficients IL we
take cne for the corrective coafficient for hard metalsy it

would have to be higher in eny czse for soft metals, bub it is

B S :
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hard to determine by how many times inasmuch as the equivalents

change with the degree of compactinge

However, it is clear in apy case that the pressure equiva~
lents for hard metals are considerably larger than for‘ softe Thus,
the pressure equivalent for tungsten has to be saveral tens of
times higher'and for tungsten carbide even more than 100 times

higher than either for tin or lead.

It should be pointed out before hand that pressures which
are required to make briquettes of the same denslty from powders
of different metals do not by any means guarantee that the bri-
quettes so obtained will be the same as to tensile gtrength and

other characteristicse

Usually solid solubions and intermetallic compounds have
a greater hardness than a correspording mixture of several metals,
¥rom the pointof view of the technology of pressing it is more
practicable for tiis reason to press a mixture of powders from
several metals than an "alloyed" powder of a homogenous hard
solution of the same composition. However, from the polnt of view
of the technology of baking (Chapter V) and the final character=
4svics of finished products, it happens, on the other hamd, qite

frequently that it iz more femsible to use "alloyed" powders.

(xides have s greater hardness than the corresponding
metalse For example (190), the microhardness of a tempered
electrolytic iron powder is 52-59 kilograms per square milli-
moter (compars this with the value of 65 kilograms per square
millimeter for 63 in Table 9 for electrolytic iren), while the

-57 =
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miorobardness of ingompletely veduced oxldes prasent in iron powe
der 1s 350 kilograme per squars millimetore For thie reason the
presence of oxides in povdeys of 10 or more volunetidie percent
(Chapter 1I, page 32 of criginal toxt) quite frequently increases
the hardness of particles and the compacting pressures The in-
fluence of oxides on pressuve depsnds greatly on their ordgin and
distribution.

Accoyding to the author's obeervation, oxides of incompletely
redvoed powders found within particles most siznificantly increase
pressures Thus, the eritical stress g of incomplately reduced
iyron powders (300-450 kilogrems per Sgnare nillimeter) was 34 times
greater than for those wivich had besn completely reduced (about 100

kilograms per SQUare millimeter)e

At the same tims if not too grest s degree of oxidation
is rotained (up to 05l percent of oxygen) 1% does not affect
to any marked extent the valuss elther of critical siress
or of specific pressure Gy necessary for attaining a required
dengitye Certain deviations from this values are to be princie
pelly expalined by ineresse in poured weight and decrease of the
specific welght of tha powde in oxidatione

Such a discrepancy in the effect of oxides of different

origin may be explained by the following reasonde

(1) 513ght inolusions of oxides within particles of
incompletely restored powders may creats an affect vhich is slmi-
lar to dispersion hardemings Solid films of oxides formed on the

surfaces of particles in storing powders whigh can be broken up

- 58 =
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in pressing on the conbrary orly burve bo inseosse s benslle

alrength of brigebles 1o 8 g@light dopreds

{2) Incomplately reducod oxddes Lorw draing Lhe rodusdng
temporature solld solubion with bhe metels Yhe nasdneas of partde
ples n euch & case wmay be conglderably inoroaseds Lhe Lormation
of solid soluvions through oxidation of hoe 0 bal ab roun el

porature 1s not probables

(3) Ir the opiniun of the authory & part of the oxides on
the surface ol the prrticley roacts with water vapor and becones
goft and plastic like clay {page 33 of originel taxt)e Oxldes in

weh & condlbtlon sre net hurder bub sven softer thm the aglc
metal snd mey somelimes help presuing by gomawnat decreasing
the DSCesSery [resgurts {this vonslderabion malkos 1t rossitle
to explaln the favoratle actlon of condenged aly in preas mhops
where thera ls a speciiic hadddty in the proseing of such hard

article oxddes 1nto

powdery 49 tunopLen)e The transiiion of Lot

a claylilke condivion ig axeludods

The gpecific weight of oxides Ls in tha majority of cases
avout 1/3 iess than for metals, A priquetie of completely oxldiged
powders with @ 100 percent relotive densi.by N has about 33
parcent purosity aftor redustion, Horsovery oxidiged powders
do not eclidify as well in palcing (Chapter V)e Briquettes of
anldized powders for yris reason shonld be compressed o a analler
actual content of pores tuan for nonwoxldized powderte A decraase
ir. porogity of compagts vy 1 percent is econnected with an ine-
cresse in prossure of about § percent, furthermovs, @ AECTOARO

of porosiby in srithmatic progregsion oauses pregsure o Incruase
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in znametrle progression, Fop thls raagon, in thoss cases

whe ¢ oxides do not show oy divect effach on prossure incrase

in pressing, they may naverihwless ln.rease it indirectly (necessiby
for obtaining les: porous compacts), Moreover, oxldes usuelly
desresge the prop-rbles and standard quallty of Mirdshed products.
Tharefors in practice attampbs & made in the drection of

obtaining as low o condent of oxides s posalbles

{¢) delation of Nob Pressure to the FPyasical

Oharacteristios of Powlers

The physical chavasheristics of powders (the sime and ganpe
of particies), tha volumetric characteristic, and coldslardaniiy of
particlos do nolb exert & direch effect on bhe greatest gpecific
COMPIESBLOn Pressure Nesesssry for achleyin o compr sslon result-
ing An 100 percent densiiye Thie maximons pressurs is olways equis
valent bo the pre..ure of asavation fov maberinls awl depends ondy
on thelr composition. This pressure may orly indirectly depend
on the physical cheracters of the origlnel powders to the esbent

that they ave related bo the admixbure contente

The efifect of phyelcal characberigtics on the pressure
wihdoh would be regpuired to prodvwce Lriquettes with a Gengity of
Less thap A00 sercent, on bhe otber hendy ig vary greabs, Horeovor,

this oi.ect grows with iperesses i the porasity of Lrilquetlbos.
£ ¥

The sige of prrticles, in the opinion of the suthor, exerls
oy an indirect effect on prossure. Ugnally the conternt of
admiztures {oxides) inoreases with an inerease in the degree of

dispersion, while the ;oured weight of powder decraasse. For this
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rozaun bhe Prosuult Do, sauy Lop campreasiny pondard Lo oosiven
density in the najordby of uames Ao ages Wwith powdor disperslone
For Ghoge ong s where £ino snd qoarse powdors of e swme moetul
pave the ssme somixtnre condent wnd volumetric characteriatlc

the progeurd remalng sdsradesle  #lth respect Lo dispersed powe
dore of Wb poured welghl ard with an inslonificant sdnlzbuce
eontant, The conprobily preusurs wsy ba even Lowor than that of

goarse powders of the samoe netal having o low.y poured wolght e

vhe ef ect of the shape of purticles 48 also directdy
raleted to the volwstric charectoristic. Powders with amoobl
pariicles (poge LO of eriginal text) have greaver density when
poured than rough and gurled powders and as & result require

less pressurs for abiaining o compact of & piven densitye

Logerithm of Specifie
in Kilograme per Square Cenidimeter

Pressure

Relative Volume « Vo
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Plgure Gle Relation of Pressure Diagroms
o Poured Welght of Powders

1e fine electrolybic coppery poured welght 0,97 grans per cublc
contdmetory mediumefine slectrolytic copper, po .red woliht 1.50
srams per cuble centimstery 3 =~ coarse granulated coper, poured

wolght lie50 grams per cuble centimeter.

dgare 65, Diagram of Compresalon Curves for

Powders of Varying Poured Welght.

P4 ure 6 ghowe the semilogaritlinic compresslon curves
/j —,(%\a for copper powders of varylng pouroed weighte As con Lo
soen, Lhe Prosuures neaded for making briquetbes ol low denelty
frow powdera of high powred welght with a nigh inltiasl poured
density are saversl tlmes guniler than for the lightesb powdars
With furth r compecting this difference conbimies 4o dearsase all
the time ang [inslly, when 100 percend density is ruached
{ /3: 7 ), the pressure Lecomes approximavely the same for all
powders and ls equal to the prossure of emenation for Coppsrs

e compression factor increa:es with increases in poured weight.

Flgure 65 shows the dlagran af compression curves for tuo
powdors of the same metal but with dlfferent poured welghts dlse
trd bubed over the entive field of compreveion. Under the pressure
caused by ite own welght % 8 Light ;mfdmr ooouaping o poured
TOLWRNEG ﬂ o g While a hewvy powder Lakes up & congiderably smaller

VoLImES [3’0 o A prespure c&fF q(f:o >ﬁ) is required to pack a light
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vowder inbto a volume - . A segmert of the ordinate “j 1 Kl
aqual to'y '"*- shows how many times the pressure is greater for the
lighter pwdgr. In furkher packing to attaln the volume’ the

ratio for the light sad heavy powders s as detormined by

the segment : T of the ordimaie déérmsaa . " e

For the wclimw correaponding to 100 percent dersity, both curves

merge snd the pressura for both powders ia oqual to the pressure

of emanati m of the metsl N

The net pressurs reguired for com ressing a powder to a
serbeln density i equel to itsresistan:e 1o compregsionor in

other wrds, to its strength st L.ip dend ty. OSuch a strevpibth

m.y be convelved of ap having bwo camponentas, One componsnt is
ngppucturadl? strenybh (pa e 39 of original text) as determined by
the irterlocking amd strength of surface protrasions of particlese
The other component is the strengih of the muberisl meking up bhe
pouder wileh ts equ.l lo critlcol stress . In case of &
amall degree of density for a powder (such as thel rosadiiing Jron
tne action of ite own welght) the particles inberiock ordy with
the s:all protrusiome distribubed over an insimificent part of
their surface, for wilch reason the resigtance of cospression

18 dstermened almost exclusively by struotural strengthe With
further packing, deformetion gpreads over the width snd depth of
particles, while the protrusions are flabbened, smosthed oub,

and disintegroted. 1% is for thls resson the part of stractural
strength decreases with contimed increase in the degree ol Com-
pacting in resistance to compression snd resulis in an increase

on the part of the strength of the material iteelf,

.63 -

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8



Declassified in Part - Saniti
ized Copy Approved for Relea
se 2012/03/14 : CIA-RDP82-00
. -00039R000200070005-8

Pinally, when & briquette attains 100 peroent density,
| _ reglatance Lo gomprasslon and to the pressure exerted by pressing
does not ab &l depend on gtructursl sbrengtin vat 1s exclugively
debarmined by the gtrongbhy Le ey the pressure of gmanation of
the maberial 1tgelf, (In ghould be pointed out that in conpacting
the part played by sgprucbured! gbrongth in offering reglstan:e
to sompregsion Baminlenes, bub uids does not refer to e Hgtruce
tupalh astrengii ol the compach, which, on the contrary, d.mosb
aluuys conbinues Yo grow, b would be more correct to say that
with 100 percenb conpresslon stractural strengti doas not disappear
ub coineides with the strength of the materiale) The poured.

weight of the powder (Chapter I, pa@ 39 of orizinal text) is

a direst reflection of 1ts stractured gbrengbh, This st bural
st engbh and §pitiel pressvre in preswing are congiderably greuter
sor light powders than fop heavy Ones. Fit inasmach as with an
ineresse in density the parb played by structural stoenghbh dew
oreases, bhe difference in preasura grows amaller and completely
disappears &b 100 percend densiby. The progression of initial
differentiation in the strength of light md heavy powdera, as
determined by the ssgment of the ordinate /% £~ /('% (1
{(Figure 65), may we calenlaved on the basis of theoretic agsumb-
tioms., A twofold decresse in poured woight gorresponda to an

indtial incraase 4n strength of sovirel tens of ‘timea.

The coldwhardening of particles as conditi ned by the method
wged in fabricabing the powder (either by mechnaical comminution
or processing in a ball mill while mixing the powder compogl tion)

increases Lhe hardness of the metal. For this reason it can
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incrasage the pressure necessary for obteining briquettes of
small density. With increase of density during pressing this
eftect of cold-hwdeniné the initial powders decreases inasmuch
oz the action of presuing regults in a solidifying of the metal.
Finelly, the initial hardening plays no part whatsoever in the
hizher densities of pressing, when critical stress Qo of the
nob=yetl corpacted metal peaches the stage where it is not less
{han the hardness of the hardened particles. In gracticey hard=
ness is quite freguently connecied with an increase in poured
weight rasulbing from mechadcal processing of powders. For this
reason bhe increase in pressure {hat it evokes cuite frequently
overlaps (somebimes even with a surplus) the opposite effect

of a decrease in preisure resulting from ap increase in poured

weilghts

A preliminary amealing of cold=hardened powders prior o
pressing decreases the hardness of the partick: s due to sftening
and restoration of oxides. However, low=temperature amealing is
connected with a concomlbant decrease in the poured welght of the

powder {Chapter V) and for this reason it does not always lower
the compacting pressure. Highetemperature annealing on the other
hand, increases the poured veight and consequently considerably

improves compressibility.

(d) Lateral Pressure

Let us imagine for ourselves a briquette which has acquired
100 percent density tut which is being subjected to a vertical

pressure. '7/ . It is in the shpe of a cube (Figure 66)

- 65=
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whose sides are 1 centimeter long and parallel to the axes of

the ooordinstes of wilch the 7eaxis is jerallel to the pressure.
rioure 66, Diagram for Computing Latoral Pressure.

The pregsure compresses the cube veriically (Z~axis) and
expands 1% hoprizontally (i~ and Ywaxes), However, the cuve is
gurrounded by a body of netal and consequently cannot expand, which

in turn results in 1latersl stresses.

The transverse expansion in the direction. of the Xeaxis

:
is proporti.nal to Poisson's coefficient v and to the vertical

i . \ . : N L
presgure |7, and inversely proporti.nal vo elasticity modulus

. Conseqently, Lhe sum total

i. €., it 1s aqual to V.

& w
of expansion . ong the Keaxis is equal to Ah.. .

However, later:l pressure s along the A-axis causes &
“") e

W
[

compresgion along the X-axis equal to ¥ 7,;-”'” .

Since the lateral expansion of the cubs is a pracbical
impossibility, the total expansion along the Ai~axis must equal

the compression along this axig, d.6ey

-: o e
¥ l’f"” * mw»»f ! - o
8 vVog £
(26)
from which

Y
*:..‘3.« <. e

o Ly - v :
Po - C (26)
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The velus for  deg.y We red.ation of the specific
conpression pressure o tho g eciiic laterel pros.ure, egual 10 &
compact briquetie to 46 culled the coefliclent of law

Lorel PrGLEUTS.

The relationshilp «Bﬁatiﬂa Letweaen - and A, e

reprasanted in the form of

en

Lot us now conslder the ma. situde of the coolficlent of
laberal presgure " and roisson's coefficlent with reupsch
Lo porous brigaettess fhe metalloge phic investizations of the aue ,
thor (page L of The origingl text) showed that the arca of &
section ocoupiad by the metal of @ porous covpach is proporbional
4o 1bs relative danslly ‘ « Imagine that the cabe as Qeplce
1ad in 7. ure 56 has a relative denglty of 60 percent. In such
a case L0 percent of the latersl surface of gepuratlom ¥ exdeting
Lobween the cube and the s urrounding metsdl is ocwupled Ly pores.
In thde part of the surface the cube may expand sdnce lateral

paslstance is absenbs 1% 4y for this reason that the 1a terak

-

prasaure takes up omly 60 percent of the sarface of separation Laken
up by the metal and is equal to only 60 percent of the latersl
pregsure for the entire oube, In oIy Case, according to the opinion
of the authors

(26)
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1
where ie the eoofficient of Tateral prossuns for &

porons Lelguetie

38 e soaf fiodeni of Totaral pressiie for o golid
; melaly and ]
1g the relatlve amesiby of a vriquerte (in srpetions :
ol "J.lli‘*b}f‘)o :
{ Formmla g gives WS towe values for Jateral pressurs
orly for ase with actusl values of density and compres ion LIBEIRre
an valuss of ;

st & partlouler apot of Lihguebute When walng W8

dengity W@ GURDIES shon pressiigy whe copubed velues Tor the

Jabecal preIsWTs i o dlsapiee somevhalt with she mobual o088
7oy exemple, Uhe palues 0 and with respsch o the !
walls of Uhe prods mold mey be POl pereant ppeaben hen the
mean velusss)
e oan deVELOp rommala (B) &8 anoun on 588 gl (of the
orbalnal best) from sompulat (25) 88 L SLiowss
poiegonts soeffiolont for & HOYOUS conpaot should be cume
; Lined wibth the soafiicient of Therel pre9sure of the swne polotion ]

as that fox 8 compact mebely de Bep

&

-

) (29) ;

P

Tyom which

B

'
2
'
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(20)

ned the values for , and s 08

aid of formule (9)y for aLfferent
The valuss for

Patle 5 aontal
by the aubhor with vhe
Tpom carbain metalde

golid metuls wore Laged o Landol to-

computed

] densities of conpacts made

polagonts coefficient Lor

pornsibeyn (1257
1% follows rpon Table 5 bt for certain exuepbions
o wibh the nordress and reicactoriness of a metale ;

and decradld
wabald

he pemperatiure of the

slont increases when

Poisconts gonlfi
jed by an incr:

Phie should e acoumpan

35 raiseds pmge in the

coeflicient of lateral procsurde

Uy bo now 0o measuremnents h ve been made ol qgteral pressure
in mebal compaclse HMagdikin (81) gugesbs hal W35 percent of

an uea LS uged for the pres ure SEOY-

tne compacting pr compubing
{ the press molde VUL'E (ol d) {19k) gives

ot difler

Led on the walls o

Thege [igures do 1 o any worked gxbent

50-25 prcenbe
For exsmples the aoefyicient

iyen in Table be
g having & porosity :

with toe Figurefid
prrcend for iron powder

of latsral pressurs 1a 27

of 30 percente
By knowing the velue of s b is posslilde to compute .

xhe strengbb of & press mold vy using Lyom! s formula
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vapnal and d e interr
aitle straps, D tho oXua
4 is pemimivle 8
where

2y p L '8 o] ¢l N3 j
di. iéb Q Ll y RS ﬂa‘).lndn ARE d@ balfﬁi any 1tl i pelulel ol
&l X

&
h §
b‘ ) lAi e 1 10} pilaiulel el b Hhﬂ t is 10638Y t‘i -)de in h\he iow hm) te i -’LV sn Ol

page B {of the ori 4nal text)e

tha wall of the
s @ Lo agninst the wa
o presgure throogh Fricy

(u) Loss of Pressd

) X! HENIGe
pross Mold == i ection Prey

odpid and &

1 imaging that a compast with o helght a

Lot ny RS kt -

B ¥ wing @

vive densily e in a ay}.inc'm_cal presy fold having
rolative ¢ § -
anl 1s suujech 4y specific rOsHUre { Figure

dlamster 118

- 5l o
‘ ke gompach is equa

: v HPEDHLTE on Ll

&1)e The Lotal pr

3 ce of
square cenblmeter o lateral gurface
The presaure of 1 sy

X i b by QO 9)«%‘. 10 8 Y d.'zlx @ W L fo :l‘mulﬁﬁ
may l-ﬁid . 08 ) W T
‘ka ) q‘ﬁ@ 1] |
ah 1 .LL
{ S mld {2(-)) (m(i@r Y JI}d‘.L‘biOmS W) 8re bm b!'iqu L L] fatils fastitid
7 ) e ® . . o8 i . “ £ P4 31' n,t Of

ﬁiil‘(‘ﬁﬂﬁ&ﬂllﬂ) A LeLNE . ‘ Wm & Lhe G2 aliik &,

. . ,b
lm‘u\?r‘ﬂ.\. Prﬁﬂ"ﬁm iur a Wm‘tli e &mib S Q’f the CQm],}aﬂ .

. X o

o # t'o
The entire 1atersl surface of the compact 18 aqual

& : 1iebs of1
go that that sum totel pressure - on it ot

o
# ey

-0 -
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where iathe coefficient of letoral pressure when 100
per:ent, the adouced helght of the compact, le8e, the
height when equala 100 percent (8¢ page LO oi the original
Lext)e

Tt followa from formula () that the tobal pressure axeried
on the lateral surface 2 ¢ the compact is equal Lo Uhe speciiic
progsure belng exoerted on the sdduced leterai gurface ol the brlget
and on the coefficient of letersl pressurs for a conpact metale
In Jhis way the total lab ral pressure 18 dependent solely on the

compacting pressure and not on the porosity of the Lriguets

Loss of pressurs due to friction of the owder ag inst the
wall of the pres: mold »  is secorden e wibth the law of

Amonbons«Couioni 1§ equal to

(32)

whave 1 the coelficient ol Iriction of uhe powder ag  irat

the wall of the pross molde

T4 follows {vom formulas (31) and (32) that

(3) foagf
The relation of loss of pressure < to the tobal

campacting pressure f is equal to

-l =
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Lose of pressure due bo friction of the powder againgt the
well of the press mold may we deburmined experimentally on the
bagis of the following consideralins. After precsure hes been
discontinued on the .riquette, the latera. pressure continues
45 have almosl the same velue for % because the walls of vhe
press mold hinder uie espansion of the Lriqueb. For .48 reason

it is necessary o exert farce ~ in order to eject the gompachs

FE O ’ ’ ( %)

i, 8., the (maximum) ejecting pressure is equal to or somswhat

1lesgs (sonmebines by as much a8 0 peruent) the loss of pressure

B T"'.ﬁ )
oo e
i !

FMgure 67, BDiagran for Compubting Loss of Pressure Due to Friction.

iigure 68 [sic] shows the pesults of several experiments of
the author in determining gjection pressure in relation to come
pression pressure when D = congb and h = const (all the other
gxperiments gave completely similar results). In sach a case all

oy
values in formula (35) are constant and fi»}imconstant magt be sbservede

-2 -
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Figare 68 [sle] ghovis rhat this relationship actually existed
and that the gjection pressure {equd or 1'.1mpar'biom3. to lose of
px'easure) wan always g:-reportﬁ,oml 4o the co pressLon presoure re; st

1eas of the porosity of tne urigueties

Tueue @uperiients coutirm the vule pgtablished Ly the anuhor

pocording o wadeh Loe coeficient of Jpteral prosowre is pro=
portionel to the veltive density of Lhe wriguetie "
Bt
The value 0f e confficient of friction ' for "dyy" mee

1.1 powders without 8xy special acdmixtures varied in the AXPOLL-
ments of the autbor fpom 0,28 o 0,20 {the press mold was whped wi.bh
a Bdey? reg pefore each };:.z-r.a:::.ifx,,)« rdditions ok o aakie consle
derauly decreased pressure 1ose and ajection PregEres The Lnbrow
Auetion into the mixbure of 3 corcent arazhive usually dosroased
the cosfficlent o friction and +the ajection pregsure Ly 2=3 UImSSe
The 3 ptroduetion of varisus ubricating arents {stoaric acid, olls
glymrme) Lowered ejochion Pressure wanally }eSe3 LinSSe (oxy

I
pubrication == qraddie - decreases withont changing he
yalue o g1 mificant gum‘:titmﬁ of Liquid aawricants can
toratiist waile decroasing | alen increase v, This prenos
menon my decrease gomewbat the affachbivensss of lowering gjecblon

prossure when using liquid {ubricants)e

The experiments of the nathor in pressing dry powders
without such adaltlons ghowed ‘thnd the epefficlent of frichlon
jncressed somewhat with the hardness of the metaks

Formulas (1) and (35) are trae onky for {naipgnificant

#
velues of v e 1N reality, formula (35), for examples ean

«T3=
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£ ace infinitely
apply with 8ocuracy only when tha vd ues O

wnal 1e Guy

(30

ts apation we wbizlms

NY

ny anlegratdig o

(28)

s ey 15 the pre-surs
i tne pressire sxerted Ly the die, iz the ¥
ghere P i tha presd

fpom the dley

o
L G plogebbe at a dlstance &
at the botbom of the wriguetis &

. v e Y * i
ok uentdtrs  The sjection pressure
and s 2 consbaid quantitye The &

argaal Lo

go bhat the relation 1

ELlograns

Ejection Pressure

LA loprans

Comprassion Pressure P

w e
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¢ [ gation Pressure 1O Comprosolon Preasuisds
Floure 68, felation of L.@sTsi s

" N e, AR
j ra, Bluej C w0 mililineloYe (e shinde
1w drony 2 jronegra, ey

KAlograms

Bjection Pressure

in Millimebers

) 4 i : A L
F rathac] 69 Lhon DS. ﬁj@‘ ‘ i\.“h Pra oure tﬁ@ R@du\(«@d H@i llL
! iL“ ® h@l& 5:. ("

O i f 3 - 7% lsut\a
4t 1000 kilograms per 84t
- praphite; =

1 = ivony 2 = iron @

sontineter, (bal! olrii) e

o 3k where e ratio
Ay approsshes
The qianbiby ‘ )

A CLB > Vo ! e s L] LY )
48 cLu @ 1 ]]njj‘ aHt fV93 -jﬂczhaq@ in j () w]‘tk J2)

For bode
X Lecunes smailer MWhan e For g

o9 of Pressarey T | m .
peason it follows that with an sneroase of i

the A0t O, Plﬁsﬁula ad@ QK plﬁ.‘i.mra s N0V HCPBRES
i ] ‘g f i " anﬂ Q‘Qﬂ d P S- &

11y £ v velues of
;mupar't,ismally b lesy quickly {espacially for larg
; )

Figore £9 shues cortaln curvas of the I
L

o dned
' s e’ %, as obtalne
proggure (loss of ‘preasuraa) %o reduced helg

; g of
by the suthors These experiments allow

coficlusionse

- 75 -
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(1) in the casa of & anall value for - (Flgare 69, curve
2 for ironegr:phite) ejection pressure (losse of pregsure) rows

proportionally with in sicordance with formule (35)3

‘ A
(2) for large yalnes of O (Figare 69, curve 1 = iron
powder) ejection presgure {loss of pressure) grows almosth accords
ing vo formia (20), and sometimes even less than Yy thab Pormalse
sueh deviations from foymula (30) are o ve explained by the RIEVEN
diptribution of pragaure and density for the cross sechblon of the

conpacte

14 follows from formaiay (35) that sjection presgure {Loss
of pmszsum) changes in lLavores progorblon to the size of the
dismeter D of the aompiacte IO preality ejection pressure drops
with an inorease in dlometer drops to & gomewtat lessor degres.
This fact is 180 oxplained by vhe wneven distribution of pressure

and dengity elong the oross section of the briguetie (e)e
() Unaven pensity with Respect o Hedyht
and Cross Sections of rigusites

Logges of pressure caused by the priction of the powder
o ainsb the wall of the press mold ragulbs in uneveRn diatribution

of density Loth as o height and o8 1o oross Baction of & briqueiis.

Loss of pressure due to height is gubject to foxmula {36)

) 1 - .ﬂ..ll\«km%w l\&*’. !
Py, D ,
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Vewrn

oun te replaced by a5 AN approxis

The expression
|
wu of relative density by the Lrlgquetie

mation whera is the 10

from ‘the diey

ab a distance of
nt of propox'tionali‘oy depeondent on

35 the coefflcie

the prol ertlog of the powder in the suue alrection as

factor and the prasgure index e

we obbain irom this

(29)

where 415 constent within a cartain range of ke eoeificient of

propor tionalitye
ol

T this way loss of density with neight is proportion

4o the distance (in glven aits) from the die.

Grems
Per Cubic

centimeter

Density

Millimeters

foiq
1,

Pistance from Upper Die

- 7T =
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Cnage 10 Densily socording bo Height of rlguettee
ive, powred wodghb of L2 grams
2 - tha 8U0 wibh L pere

Flgure T0
1= gloctrolyvle coppo without Jwoy
ic cenbimelery ong=s

% w TG GAN0y Wt

per cud 3ed coupression;
out (raphlios puoesLded o, presaion

sent grahlled
(DLt shin)ae

e 10 ghowg the pognibs of Qo bermindng the denaiby of
Abf. erend sactors of c:ylmzlrlml priouelltde To make Lhe division
b L0 GEpAl

of Lriguebie

aoe aeeblond in reletdon Lo height 8¢ ghery
fne powdsr WS pzmmt". jrfsa the pross mold in g Taral wod hed
porblond wrich wore sapurat 4 Fpom oach ouber W Phin layers of

The exporLReLy snowed that 38 cOnVRRINE Wi ]
roional 1o Whe dis banee

aphite (B)e

L

»)

&3

fopula (39) duoresse 1 denghly s prov
au. jooh B0 the ol Lowing uleBe

he

i
)

[RN

from he die and
5 with & Jecroase 1N s

¥

dengliy decreases

) Lowering oF
, witi audivions of

RS nive

fytoion 3 e Ue

sembe (3 1/20 LB ) e
o with

cm“:fi’icie:m of

gr iubrleatdng
e with repect b helghb inercasd

{2) Lowering oF Aonal oy

e coef iiolend af laterol progsyure N
{3) Loweridg o5 densily ik respect W pelght decroased wibh
the imdex of prossure ( and | chage in

ap Anereast in

one & rection)s
(L) The 4rop 1y Aensity with reapect Lo nelght deureasss with
olde

e diametor of the preas d

- -

5.
i
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Fliure Tle Uhapd ol Sectiong in a Comprassad Gylindare i
(5) Twow~sided compresshon improves congiderally the dige :
ribution of densiye |

Top

Botiom

rionre T2 Distrtbution ol Hardneas Ascording Lo Hhor in

o Compresged Copper Gule (Baltehind.

Flpure T shows cﬁm_,_,ram:sasbiwlly sgvaral varticel seclions
of @ cylinder conpresued out of a molal powdsr with inbervenihg
layers of § rophiie Ihe Lent shaps of ube cylinder gections 1e
explained by the regtralning inpflusnce of the walls of bLhe press
sold with vospach Lo the movemelth of the particles. This bending
of the sections inereases with the height of the briquette and
the deares of packing. In Tigure 59 which shows & gtratified
pisce ol copper concentrate, there ¢l alsp e clearly sven Lhe
warplng of the Llayerae AL ynspection of Pigare Tl brin.s one o

the conclugion thab the greabest sensity with cospact Lo the top

gecdbion of the cylindes closegb to the ale is around the edyed,

while it ie in the cepter in the cuse of the botiam Jayors

Pigure T2 shows the distribubion of bhardness according to Shor

in o compacted wibe, which slso confirms this relations

-9 -
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The uneven dlstribution of presaure and density cannot Le
solely explained by the ef fect of friction against the wall of the
press mold, Even where thore is no friction, the lsberal pressure
of the outer parts of the Lriquette has to Le sreater than that of
the inner ones, This effect increases with the width of a .riquette.
For tuis reason ejection pressure decreases gomewhat less quickly

{han in proportion Lo the diameter of the briquetie,

(£) ffrect of the Helght of Lriquette on the Compression Curve

with an increase in acduced height " fipere is an increase
in the loss of pressure due to friction against the wall off the
press mold, 7The compression pressure grows in relation bo this.
The growth of pressure in commection with an increase in 't imay

be expressed by a formula simllar to formula (38)

(L0)

where is the pressure necessary for atbeining a certain degree
of density for a briquette with a given height b H H ' is the
net preasure for altaining that density for a briquette of infinie
tesimally small height, It follows from formula (39) that the
effect of height on the compression curve is expressed in a growth
of pressure in a definite proportion (wherein the coefficient of
proportionality is the same for any degrees of dengity). This is
expressed in logarithmic curves by a displacement of the ordinates
of the curve into a segment proportional to h % o The angle of

the curves (and consequently the values for » and f{« ) should

« B0 =

Declassified in Part - Sanitized Copy Approvéd for Release 20v1 2/03/14 : C|A-RDP82-0003;9R00620007b005-8
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not be affected in yhis respects

AR}
Kilograms
per Sqiare

Certinster
Millimeters

Relabive yolume Vo

Figure T3¢ The Effect of Heizht on Compression (Bul‘shin).

weight l.h2 grame per cablc centi~

1 - elactrolylic cOppers poured
pquals 0x0 millimebers; 2 = the s88s equals b mile

metery i«
1imeiersy 3 = the SilSs ., equals 8 millimeters.

The experiments of the aubhor (Figure 73) suowed that 8uol
to be observed in actuall
qaetbes with diffe enb
icient of lateral pre~

ghed by

2 displacwmn’n is ty with vut deviabionss
heighta

Such a character [or curves of vrd

ation belween the coell
phe briquebie as establi

and - do nol

algo confirms the rel
gsurc and the relative density of
)o When 34 constanby.

the suthor (.
shown in the dlagram of

1th the adduced helght as

figure

decrease W

724

Millinmeters :
paduced Height in .

Relation m b
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Fgure The Density of. Tun, gben briqueties in Relabion to Hedght
when is Constent (Bal'shin)e

T4 should be pointed aub that the manimun density ablaingble
for & glven pressure 18 to be observed in the pre :ing nob of
vary snold guenbities bat of thoge with a certaln optdmm beight
for the briqietie (Figurs e

The investigstions of the author show that the jprincipal
peason for a decreass in the dengity of briquetts Wi th helghts that
are below opbimum 1gto be found in tho Arficulty of obleining

portions with everly di sbributed density for very sl ). welghtse

tn connecbion wild the loss of pressure caused by friction
for tall briquebies the maxiwum specliic pressure fopr obtaining
100 perctt dengity ie always greater bthan the highest critical

ghrende

(g) Bifect of the srea of (ross Section of Driqueties

on the Compression Carves

An incresse in the dismeter of a briqustte causes Lo
contradictory factors 1o alfect the progress of the oomproasions
on the ons hend, &b increage in dlemeter of objects rasults in
sraller lossof prassure from latersl friction. Sach losses are
in inverse proportion to the dlameter [formula (35))e Ihis factor

2

weings wth it @ decresse in the pressure pecessary for attelning s )

agiven degres of compression when the diameter of the brigetbe

1 increaseds

U Lo e T i
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A
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On the othsr hand, @ lncreasse in the dlameter of & presy
mold brings with &b an lncrosse in the unevennwsy of the distrie
bution ofproseurs and denalty with respect to the trangverse f
cross seobion of the Lriguette. This unevermess incresses with ;
the degres of packing and calle for o certain “super prossure’e
For this reason, with an increase ip the dlometer of the vriqueltte
there is @ incro.se in modulus A for semilogmrithmic snd in
index N} for jogeritimic compreasion cirves, which may resulb in
a decresse in the density of the brigette during the higher ailages
of compression. The maximum spoeific compression presgure

for 100 percent density would rise be larger in guch & casse

(b) vsuper Pressire!

Tt 48 not diftioult to . lgure oub bhat the compresglon pres-
gure would have to be greater with unaven digtribution of density
than with even distribution. inis extra pressure crealud by ]
unevermess in the distribution of density we cdl siper prossur€. !
(Hot dll unevennesses in the distribution of density result in
gupey pressure. A1l uneven donsity ceused by the frietion ol the
powder aga nsh the will of the press mold is eonnecbed with loss
of prassure due to exbernal friction, In conbrs distinction to
this, super pressure 1s related to the internsl friction of the
powders Howsver, one s ot spesk of losa in connection with inw
tornal friction. Pressuve lost through external friction is actually
1ocelized not within the briquette but in the press m’i.d. Howevar,
in the case of internad friction, the entire compacling prossurs is
ddstributed within the briquebie and is 4n nowise lost. Inbernal

i i e o PR A 3
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friction ouly mak es posallle Lhp wneven dlstribution of prassure
within the Lriquetie)s We pave alrsady glven asove several
examples of super preasures Thers are Yo bo observedthe follove
ing caBes of wnevel digtribatlon of densily and the super pressure

they causde

(L) Nonwuzi£orm 418 e butdon of density with corresponding
guper pressure consed by wWneven £iing of powder within the press
mold by powdsr (rigure Th)e A decrease in pressure duriry vaCUNE
conpaching {page 62 of ordginal paxt) should s180 Le atuributed
o & decroase 41 Super precsurd reouliing from & grsater Sluddity
of powdes and euse of fl.inge Ib gho.1d e poluted gub b
dii‘i‘icul‘bim&:’m f1dng also conbriate to @ 1owering of initied
density of the powder within the press mord, axd this in its twrn

ineresses e rompacting prossulte

(2) Nonwuriforn ¢ striiution of densiby with respech Lo
the oross geotion of tﬁe press mold and the sapsr prossure that
it causes. Lateral pressure displaces the particles from the
conter of the briquette poward the wal 18 of the pruss molde 1IN
this cormection thers 45 to be observed, for brigrobies with &
smell retlo of helght bo diamatery that the greatest density end
Precsurd 45 around the periphery and the smpllest i in the
center of the prigquetics Unemennoss of d4.stribation of denslty
with vespect o the cross gocbion snd SUPEX proseure both grow
with the deneter of the briquetios Losses of proGuEe from friction
are related to phe uneven dwtrihutmn of density ot only asto
helght bub also &b Lo crose seotlon {Figares 555 Ths 72)e In thls

comnection nob only lossof PIOSuUre caused by friction bub alpo
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SUPEr Pro.. e oscurs $0 Valkd .slgaelio. Honeanloown dlabrde
sutdon of denstby with vegpact to Uie Crogs geouion inereases with
the degree of COMPressions peviation of the coupression curve

from the theopetlicd EPOETOnS and incraase ol crdtical slress
necessary for 100 percenidensliy gapecially for dengitics of
prigaebies preaber than 00 percert, is to be euplained not only

by the compacing of the metel but also Ly euper pressure {ses
page 16 of original. text)e OSuper pressure hap to increase with

¢he coafiicient of I Leral pressure % 5 be @y it muat be slgher

ror goft metals (Table e

(3) Supes pregswre in pressing products oF complex shapse

This probtlon has pot yeb been adeguatoly investigaweds

Phonotens Uvesrved atter hemoval of PrecgiiSs

The Biastdo sfterellect

The pocesses bakdng place in a brimetie afber the removal
of presglpe are Very Lmportant and ere frequently the direct caunse

of spoilage.

In compacbing a prda ebbe Lhe exvernal pressure prangmitbed
Lhaoough the die is belavicsd Ly enual mdopposile forces dus To
forces of luternal elapticity. The forces of internsl slasticily
develop nob only in the ddrection of the pregsure bat algo in all
other divestions (laterd preasura) salanced ly the equul reactions

of 4he side walls of the press nolde

When prossure Ll removedy these internal forces of alaebleity

- ave released so that the briquette under thelr effect tends to expind

. g -
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in every directloie The prosswe L L ddrection of prossing

(lon:,‘itudim\l) 18 80
yor this roasan the elasbic al

yersl Limesgreated Lhan in the trd gveras

dlroctions vorefisch 1o agrassed

nostly in the Jongitudine. daisctione

With the removal of pressurs the expanion of the wriguebte
is hindved in the Pransverss diyection by the walls of the preses
mold and in the J.onzitudinal by friction agalnst the side wallBe

sagon the setion of internal 8
of Lriqueties fran wmoldse

vor this » Lrospes - BCOMEs M 3fest

principaily afsr wjection orf romoval
The elasblc altereifect is relt Lo & ceridn degres even priox
o pemovel of the bridquetie from whiz press molds

L aftereffoch ghould be udcen into sonsideration

Cpress moids WY 4 lowing for a conelike sxpagion
0

w briquette ab an gngle of

The elag

when designin

of the opening Por vanoving U
minuvese 4b is due 1o the elastis Jfrereffoct thut {ree removal
of bushings 18 possible fmon jpternal cores after they bave Lalken

sub of the press a0k te

Tt shovdd be anphasised that the alagblc aftereliech cronles
iy & raversillie glastlo difomabion bub also an 1 preversiule

The slostic altere

not @
deformation of rhguetibes. efact Lowera (bub
plwsys onky purbially) ypbormal gbressede
parbicles panged oY compaoting
The pemalnlng onbroken s

Tha *eompresged”
conbach murface of decresses
relative to the degree of 1ReovElY e
the residua) surfsce = b
ral to the amounb of residval

face contach we o wlan "strepsed”, waile

ite slze in ouy opirion 18 proporbio

SLYOBBos

Declassified in Part - Saniti;
- Saniti :
itized Copy Approved for Release 2012/03/14 CIA}?DP&Z‘OOOC& s
- - 9R000200070005-8 .

i
41

4
e




Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

The elastic aftoveffect results in & number of oages 1
breaking of contact, nmong particles over a largs oxpanse and in the
formatdon of sowcalled lamivated cracks (page 105 of original text)e

Tha smount of expansion caused by the elastic afteretfect
dspends on the first instance on the interaction of two factors ww
the size of the elastic aftereffect and the strengbh of Lriqueties.
1+ the contact among the particles is fash, the avsorption of
internsl stresses is insignificant snd sxpsnsion iz slight. Where !
the contact among particles is rot fagty luternal stresgses are

ovaorbed to n considerable extent so that expsnslon ig very lavge.

The expansion of brigueties due to the elastic altereifect

is conditdoned by the following considerations.

(1) Expension in s lomgituiinal direction is greater thon in
the bronsverss direction (usually aproximately 2-3 times)e The
Giffersnce in expsnsion isparticularly great for powders composed

of smoobh partlcles,

(2) Expangion increases from the zction of all Lactors
which decremse the strength of contact between the particless The
glastic aftereffect thus is less evident for pouwders composed of
curled and mugh particles, from which more duruble triqueties
om e made, bhen for powders of smooth or flat particles,
Expansion of triqueties lucreuses with s poured welght of the

powder.

(3) Expomsion inoroases with the hardness of the metsl from
‘ whieh tha pwms' wara mades - For oxample; it 18 larger for tungse

ten than for copper, and for copper than for tin, In the same way

oae 2012/03/14 - CIA-RDP82-00039R000200070005.8
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axpansion increases with the coldwhardening of the powder. This
vendency Ls to te explained by two rongonse 1In the first cusey
the amount of deformation due to the elasbic afterefiect depends
on the vel tion of the size of rosidual stross in contact sectorsy
aqual 10 Sk WO the modulus of slasticity ,/:f . The ratio %’*
is grester for hard metals than for softe Table 11 shows graphle
cally this relationsiipe Phus, $w for tungsten is 160 times
greater than for lesd, while the elapticity modulus £ is only
23 times larpels For thile reason elustic deformation of conbact
gectors for tun sten 18 Tl times grealers In the socond CAse,
the strength of priqueties mails grom hard metdls 18 atteruated
nob only becsuse of elastic deformation tut slso iLecause of the

emall velue of the coef:icient of latersl mesgure (page 82 of

the origind bext)e

(L) Bxpansion devends relatively litile on the compression
Presuird, Facpansl. on ugually has for a fairly large bracket of
pPregpuros almost & covstent velue, walch incresges somewhal for

the very bighest and lowegh prossuress

Yor the majority of ipdustrial powders egponsion compriges
0.15+0,3 percent of the dlameter and up W 0.5 percent of the
hedght of the compact, In the case of inferior powdors, expanion

apounts to 1 peroent nopigontally andup to g pereent verticallys

- 88
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Table 1l.

ELASTIC DEFCREATION FOR OOWTACT SHCTORS. COMPILED BY THEI AUTHOR
ON 7HE BAIS OF DATA CONTAINED IN TABLE 7 AN GF LaNLLL'T

BERUSHTEYR (135)

Hetal Critieal Elasticity Elastic Deformation

Stress Modulus foar Contact Sectors )
' Kilogrems Conventional Kilograms Conventional Percent Conventional -
S:J; per Cutic Units per Guide Units Units
Millimeter Millimeter

Lead

Silver ‘ /3.5 35

Platinum )

Tungsten

2
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Mochand.col proparties of Briquet eg

(a) Strength of Briquetiten

Figare T5 shows & tyvical compression diagram for & briw
quetbe made from copper powders On the abscianga axis are plovted
deformation ~= changes in the ordginal length / of the brigquette
4 , on vhe ordinate axis deformation loads ! .

As can be sgen from Figure 75 there do not exist aiy qualitative
differences in the deformation curve of @ powder Lriguebee from
that of a compact metale A stralght lined {or almosb gtraighte
1ined) segment QA of the curve 18 to be found, Just as for coupact

metelse If ab polnb A we start to urload our model, we £nd that

the unloading curve coincides with the loading curvee 1o this
way the load creates & "rveversible" deformtbion for such a segnente
Within the linlis of the straight lined gocbor the curve pX:)

yrreversible and a load oreates & pormanent deformation.

Pop this reason it i poseible to spods of & modulus of
wglagtic! or tpgvorgibile! compression as boing simllar W the
slasticity modulus of & compact mebel and of the limits of proe

portionality, slagbleily, yield point, end abrength for briguebtess

Porexemple, bhe conventional Limit of yield for a brig etie
nay be ammmamdto pe that load related to the originsl aves of
crosgegeotion - ab wich the deformatlon Magram deviates

from astralght Lime by 0.2percent of ibeordg nal Length, Letep

e T

)
i
i
§
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The wlbimete compressive gbrength (in the old terminology
- temporary resistance to compression) corregponds bo maximum
load (\J\mw pelated to the origindl cross geation of the briquette

-
P k.

(ko)

Change in Length L
Figure 75, Compression Diagram for a Briquette

in exactly the same way terms wiich descrive residual de
formdtions under the action of a load ( compression, elongzabiony
cross=gectiongl deformation) are quite gimilar to the terms usually

used in testing materials.

Although there is a certain qualitative resenblance betwesn
briquettes and solid metals, the differencés between them, both

@ antitative and qud itative, are very greals

yirst of 41, there is a radical differences in the nature
of the cohesdion of the grains of a compact cast metal and that
of the powder particles of a briguette, The cohesionof the grains
of a cast mebal is due to the engagement between their ouler

atoms. In contradistinction to this, the cohemion of the powder

-9 -
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particles of & briquatte is nob due to such engogement bub to the
locking and interwe wving of surface protrusions andunevennasues
The mechapical noture of the strength of briquettes nay e LL1ugw

trabed by & mamber of erampled.

Data cellected by the arthor shows that the compregsive
strength of irun and copper Lriquoties with particles of dilferont
atructore but of 1dertical chemdcal conponl tdon when conpacted Wy
sdentical progsure differed up to several tens of timas (2=5) a8
compared vo 8000 percent Lrom changes in compacting pressure. The
wltdmate tensile strength forlron triquettes with varying particles
gtructure varied as muach @3 & hundred times ascompared 0 0,03 to
3 percent difference dne to varlationsin the aize of the originel
compacting pressuré. Farthermors, powders conpoged of amootbil pare
ricleshad the lowesb tengile strength and those with bent and
rough particles the nigheste When the composition and proessure
are identical the slue of contact section and soheaive force
per unit of sonbact section also are tho same, For this resson
Ailfermnees in atrength cannob ve explained by cohesion, On Whe
other hand they c@m -8 readily oxplalned Ly uneven interlocking
and varying elastic alteretfoct Ior particles of difiervent sLIuse

ture (Table 13).

There is & consideratle d fference in the strength of bpde
quettes with particles of similar strasture putvarying composl Won.
Thug, e strength of brigeties made of hard metals may be several
tens of times less than the strengbh of correspond. g Lriquelies
made from soft metals vnder conditions of jdentical compacting

Prossure. Thie dlscrepandy cannot be explained Ly cohesl on because

¢92-
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the smallor ared of contoct gection for nebals with a nigh degres
of hardnens 18 conpengated by Who carrespordngly greater ALY
of cobeglon per wndd of sontact sockion. On Lhe gonteary, bhis
afeorap ney in whreniti can DO aaslly axplainod by mechanical
roagongy AN parbloukes 4o the olastlc aftoreffect wilch ig cone
aldurakly groator for nard metals (Takle 11) and move siTectively

decrenses tho slie of costach section snd therely b ghrength

Ghe ulh inale pensils strength of Lrtquebies are maly tens
of times .olow the wlbimate conpreasive ghrengthe If cohosion
cetermined atrencth, then there would hardly be more than a dlifere
ance of bwo op thres tinose LhiS dlgcrepancy CHn gleo Lo saslly

gxplained by ¥ sehanical roasoids In compression the surfoce of

conbact and srberlocking of porticles iporeags, Thereford, the
mbimate sbrengbi 1p compression 1y rolotively groat e when
estinabed in berms of unib of contacy secblon 1t sometiwes 18

slmost as great ab for cast netelss
&

Tho elongabiion of powcer vriqueties 18 commected to &
gecresse in tho conbact surlace and interiodeing of purbticleds
Tn this connecbion, the ultimate 1ensile strength af beigqueties
1o insigpificent, even when compubed par anib of conbact gsuction

1% i tens snd pundreds of btlmes leas than for cast metalse

The additdon of 1ubyieating agents to powders while igo=
1eting contact among particles dgcreases 4neigrafiocantly and
somatimes actually incroases the strongth of briquettes. Thig

factor alec contirmg the ineffective acbion of poheslone

.93 =
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On the Lasls of what has been described 1t may Le egbie
mated that the percentage of strength due to cohesion can hardly

be said to oxceed 1020 percent of the total strength of compacts.

Elongation of triuettes by stretching may be estimated to
equal zero. Deformation in compression is also insiynificant.
The yield point in compression differs-very little from resistance
to compression. Also characteristic for powder briquettes is the
presence of residual stress, equal to O~ _ , abt the places of

contact of particles ("stress" contacth).

The study of the properties of briquettes is worthy of
atbltention since it is not difficult to understand a1 the phe-
nomena which ozcur during compacting and ejection., Moreover, the
properties of finished products depend to aconsi derable extent on
the properties of the (riquettes. During compacting there is
formed a skeleton of powder metal, so that quite frequently the
defects of the 'skeleton, arising during its formation, cannot be

rectified by subsequent baking.

It has already been pointedout (page Tl of original text)
that the indexes of strength for powder bodiss relzted to a unit . '
of contact section does not depend (if we do not include corrections
for the toughening of the m_etal) on the degree of porosity and is
a constant. When applied to the index of strength of powder bri-
quettes (ult imate strength and yiéld point intension or compression),
this law may be expressed by the formula

- -

=

Ok S L QGowst

(k1)

-9l -
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where (- 1s the corresponding index ol nominal strengbh for
brigquettes related to their nomlnal cross section (Wltimate strength,
yield point), & is the part occupied in the briquetie by the
contact cross section in relction to the nominal -cross section, and
0"k the corresponding index of true strength ofbriqiet.es related
to their contact cross section (the true ultimate strength, the true
yield point).

As will be poincved out below in the section "Elastic Pro=
perties of Brigquettes", the size of contact cross section may be

determined by measuring the elasticity modules.

The true ultimate strength and yield point for iLriqueties
in compression correspond approximately to the critical siress,
which almost coincides with the microhardness of the powder particles.
Thus, the true yield point in the compres ion of copper briquettes
is equal approximately to LO kilograms per square millimeter, and
in the compression of iron briqueties about 60-100 kilograms per
square millimeter, The ultimate strengths in compression are
close to these figures., The true yield points and ultimate tensile

strengths of briquettes are usually tens of times less than the

same compression.

(=]
2]
ct

2nd 3rd

Stage Stage Stage

Tensile Strength

i ‘ Compacting Pressure

- 9% -
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peure 764 Rolation of the strangth of

Brdquettes bo Comprobing Frossares

pigure T7e  DAIL srent Types of pigintezration in Frioaetiess

Tyue indexcs of slrengthy Tor Lrlqueties related to contach
eposs Bection depend neither on porosily nor on prosouree The
rominal strength of wriqeties increases approximately ln pro=
portien to conpacting prossures 3n conformity with the increase o
the conbact ross goctlon. Ly means of & more dotead lad investie
gation bhe raltion of nominal gtrength 10 pressure ney e divided

fytho thres stages (Filgare 76 and T7)e

Tn the first gbage, wiich corresponds o the lowegh © mpacw
ting presuurey gtrengbh grows nore ropidly than with the first
power of pressur®s Characberdstle types of disintegrabion drring
compression for this gtoge ore digintegration into & formless pile
of powder {Figure 77a) or the formation of longliudinsl or trunse
vorse oraks {depending on the direction of aplication of compressing

10nd) (Figures TT0 and 77¢)e

In the second stage, when medium compacting pressures are
applieds abtrength growe pmpar‘mawlly bo bhe pressiré. After
axceeding the yleld point, there ure to Le observed the appearance
of & 4ding lines ab an anyle of approximately 30 degrees Lo the

direction of vompreasione With further compression, the speclmsns

.96 =
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feasture olong bheso lines, fRrdlng the fractures ocuurring in this

stage i is characterdatic for there to form conss (pyramide)
at an angle of approximalely ) dogress in tho directlon of dow
formation {Figure 77d), With radial compression of sleeves and

eylivders they breal up into four cohesive juadrsnts (Figure 77e)e

In the third slage, when high compacting pressure «re belng
appliad, strength doos nob increess as muach as with the fMrsb power

of prog ure. It is characterigiic of this stuge thal gomcallied

Jaminated eracks fovn afler @

Thia relation of the strengbh of Lriquettes to compacbing
presgure mey o8 axplained in the following weye The strengti of
Lriquetivs, as hay alrealy boan sald, L8 primerily a mechas Loal
gbrongbh due to the mabued inlorweaving and anterlodking of palw
ticlmge Guch a strongth may Le cdl led & wedge type strength, if we
make use of Gubcin's bersinoloy (35)e idectrosbabic sbrengbh
or cohesive strenpth due Lo Lne action of eleotrical cohesion
Letween the atoms of contact goctors are insi nificanb. bobh
types of strengbli ore approximailely proportionsl w the gee of
conbact surface of & "singl® lugyrer of purticles which in iis turn
is proportional o the compacting pressure (pa ¢ &9 of origiral
sext). For this reason the sum tobal of the strength of brinueties

muet be proportional to the compacting pressureé.

Howsver, therve sre factors which cause a deviation from a

proportiond reletlonship belween pressurs andl strengzths

One group of factors ecoslerates the growth of strength

in relation to pressures FPressure wringsan increase not only in

.- 97-
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the contact surface ol particles b slso in the density of birle
quettes, The skeletal stren;th of the slructure of interlocking
parbicles, proportional to the first powsr of pressure, but also
with m increase in the depth of interwesving and interlocking
of particl s acoompanying growth in the density ofthe briquetie.
Thig factor assists the growth of strength in being more rgid
than with the first power of mmpacting pressure. An increase
in pressure and density is accompanied by an increase in the coe=
fficient of lateral pressure ﬁ;/’(Tatﬂe 5), For tiis reason the
lateral pressure FL shaping the briquette with respect to the
transverse direction grows proportionally not to the first power
of compachbing pressure g but to the product of compression

pregsure Uy relative density, i. e., it is to a greater extent than

with the first power of pressure. With the growth of lateral pressurs

is accompaiied not only by the quick growth ol gtrength but also
a lessening of the difference vetween strength in vertical and

horizontal directions as show in Table 12.

- 98 -
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the contact surface of particles tub also in the density of brie
quettes. The s}felatait stren ;th of the strucuture ol interlocking
particles, ';'.'rc)jporti,ongl' to the fipst power of pressure, bt also
with m increase in the depth of interweaving and interlocking
of partick s acoomparying growth in the density ofthe briquette.
Thig factor assists the growth of strength in being more ragild
than with the first power of ompacting pressure. An incrsase
in pressure and density is accompanied by an increase in the coe=-
fficient of lateral presaure % ’ (Table 5). For tuls reason the
lateral pressure /‘ph shaping the briquette with resp ect to the
transverse directlon grows proportionally not to the first power

of compacting pressure g but to the product of compression

pregsure Ly relative density, 1. e., it is to a greater extent than

with Lhe first power of pressure. With the growth of lateral pressure

is accomparied not only by the quilck zrowth of strength but also
a legsening of the difference vetwean strengbh in vertical and

horizontal directions as grow in Table 12.

- 98 -
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Table 12e

RESISTANCE 10 COMPHESSION OF ELECTROLITIC COPPER rOWDE: HAVING

A POUIED WEIGHE OF 24T CRANE Fin CUEIC CENTIMETER IN RELATIOR

T0 DENSITY AND COMiACTIRG PHESS.RR

Compacting Pres= Relative Density Resistance to Com= Ratio of Jertical

sure (Gross) in of Briquette pression in to Horisontel

Kilograms per in Percent gilograms per square syrength (anisotvro;.ic
y square Hillimeter pillimeter oetTicient)

Longitu= frensversely

dinally

e A B S

L.
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Tuia group of factors 10 conmected with an increase in Lhe
density of the criquette and for this reugon is most pwmummd in

the Lirsb s‘bb.ge of low compacting Prossure (Fhgure 176)e

Obher factors on the other nand decrease the speed of the
growbh of tensile gtrengih ghrough prossurte In high compacting
presuures (rigure 76, third ata;e) desnity snoreases moet inglge
nificantly erd for this reason yactors which geprve bo increass
the speed in the growth of gtrangbh inrough press re do not play
o mored Tolee Quite the conbrarys thore 18 to ve noticed o 8
signifﬂ.cmm degree & toughening resulbing 1o & glowar prowbh of
d contact gurface than with the first powsry 0f jressuite Toughening
algo conbrivutes Lo an ipcrsase in the effect of the elastic
artereffect. For this reason there ig to be observed during the
third stage @ gmaller growth in strenglh than with the firsb

power of pressurée

puring the gocordt staie of medium comnpacting prosgures the

gwo groups of factors neutralize gach other 80 that there is &

Linear relationshlp betaresn nominal strength and pregsurs

yhe aifference in the nature of strengbh ofpouder uriquettes
and casb metals 18 most sharply evident in relation to the eflect
of aomposition on sbrengihie Tablg 13 pmsems the values for
rosistmee 10 compression Ty briqusties of different metals. For
poed. dle elimination of ghe effect of gtructursl. factors, powder's
ave compared which were produced by 1dentical methods and which
have appm:d.ma’s,ely the soms particls gtracture and relabive poured

! density. There ars compared in the first series powders of tin,
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copper, snd jpon cbtalned through pulvarmmion, in the second
glectrolybic win, COPPOry and lron powlers, arxl in the tidrd

reduced coppery jron, ard turaten powderse

The resulbs ot ned are noal chapactorlotics The shtrength
of compach sast metals of & given compositlon grows with hardness,
Le Goy Huneten 18 ghronger thun irong ipon bhan coppers and copper
than bille With respect 12 powder briqguoites there i obaerved
o diametrical iy opposite relablonsidp, = gbrengliy axprassed pobh
sp abaolute Iigues and in pement with vespect 1O the shaying
pressurdy does nob increase with hardness Dud with softness and
pl::\a'hicity of metele wrgqueties of tin have procter gharen; b
than those of COPPErs of copper than vhose of irons and ol lron
more than of tungs tefe Such a rolabionship o nomlnal gbrangth bo
narduess of nebel 18 to be explained by vhe fact that even when
aauivdl ent @ mpacting prossures are applied creating an 1dentical
gize of contact surface, ghe residual contact surfae for hard
netals after penovel o pressure and sjection has Lo be wsonsidera=

vly smaller becauge of the slastlc afterafiecte

pale 10 shows that elastic deformation of conract sectors
for hard tunsten is 7. greater whan for goft 1eade 1t ig evidend
fpom Table 13 thab expenslion afber ejoction was greater for coppa’
andipon than for vin {(up vo 2 times), for iron samevihat greater than
for coppars and for tungsben consideratily greater han either

for coppey or Arols

Moreover 1atercl pressire for hard metelss which pls 8

very jmporbart pole in bhe forming of the strength of briquetita

wl Ol

‘Deciéssified ‘\ntPa’rl' ot v '
- Sanitized o :
ed Copy Approved for Release 2012/03/14 : CIA. RbP&Z 0
: - -00039R00020007000:
5-8




Declassified in Part - Saniti
ized Copy Approved for Relea:
se 2012/03/14 : CIA-RDP82-00
. -00039R000200070005-8

18 coneiderabtily 1legs Lthan for = b motolae It can be peen from
Pabile 5 that vhe csonfoinient of 1ateral pressure for tungeten ia
1,9=2,6 times smaller thon for tin, copper, or iXalle In this

connection not onky igthe strengih of tungsten briquaties 1015
times smaller than for €O per or lron tut there is also 8 nuoh

greator d screpancy between verticel ond yrensverse reslistances

o compres ilon (Table 13)e
[See page 103 for fable 13]

On page 76 (original teoxb) there wad congidered the giesulon
of equivelent pressures in obtaining Lrigetles of iderdical
pelative denelly fpom powders of dAfferent motalse srom what has
peen seidg in the present gection, Lhoere are no eq ivalent pressures
For obbalning primpeties with gimilar mechanical properties
from powders of different metalss Actually thers ars 1o pressure
which can Jive an Ldentical alagblc afteresfoct and coefiicient

of lnteral pressure 1o poth hard and sofb metalse

With a conslderable content of oxides (510 or more volus=
metric percent), the gtrengtn of briquettes 18 reduced markedlye
This Leexplained by an jnerease in the hardness of the surfuce
layer of parbicles end by the ginulbeneous decrease in their
ghrenghh dug to 8 dimindshing of contect surface nd growth of

glogtic aftereffect socompany ing At incroage in the cpantity of oxides.

An insigrificark oxlde content afiects streagth to & mach
Jesger degres. Additions (of liguid end golid lubricantsy gly=

cerine, paraffing steardc acld) to powders for decreaping friction

- 102 «
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Table 13,

BEL % * BE ;. h
HEIATIONSHIP BETWEEN RESISTANCE 70 COMPLESSION, THE Huial

CF A POWDER, :ND T METHOD OF ITs FABRICATION

[1] ,
[2) (3] (4] (5] 16}
§ {71
g Hesistance to Compmasi(;ﬁ
]
Longitudinal
5 g 9 Transverse é‘
e P © = ) 3 " ’
Type Kind 5 | § 3 2 , 4
& & B 8 3 . % g 2
E sy 8 5 § £ . 3 § g2 3
2 g &7 g 3 X @ = &
o of g o &7 S % & Ig s g 4 8 s 5 F
§f £33 82 58 28 54 g8 £5+°%
3 B - g = 8 =2 5 5 2 2 a
g % E 2 S ¥ £ o g o g - ¢ z 3 8§ 8 3
et s T 3 &2 s £ & 2 B C
FPouder Metsl 5d 9% 5§ 3 g &~ & 3 § AN T g g
=5 -2k = =S he RS 5 8 4 & s o 3 £ 39
T— —— —— b o2 - = g E’? 8
.
Obtained by Tin 7 Go O-22  F I yles o o,
Pulverization
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o TR -

[1] 2] (31 [l {51 (6} 7]

Relative Density Copper

of Pouring
1,0-50 Percente Iron

Obtained by Tin
Electrolysis.

Relative Density Copper

10k -

of Pouring

POl ~

15-20 Percent Iron

Restored Powders. Copper
Relative Density

.-~ 'sf Peuring- - — Irom
12-15 Percent

—
Tungsten i -
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againet the wills of o pregs neld usuelly only slightly atbemuade
the strangth (decreaslng it Wy 10 parcant ov Lesu)e Thig ds exe
pla nod by the fact that the ebrenzth of Lrigetlos le due 1o

interlocking and not o cohmelilon, gince in the latber case guch

additions wuld decrense cohoslon by pexy timese

Tt dgprscticable o frtroduce agelutinating agents
{piagbicg, rubber, gbee) 4o bridguettes orly if the powcer

nistupe is compoged of very hard powders (carbides of haxrd, alloye)e

sriquettes of ngiloyed" powders whose 1rdividual. purticlos
are alloys of severol metals are almost always lower in strergth
than compests compoged. of apowder mixture of severpl netols, This
jgexplaiped by he Fact that solid swlutlong end intersetallio

conpounds are herder than the corresponding mixture of metolse

The sctusnl strenzth of agowder mixbure of wwo mebals or of
4 motal and a nonenetal is often lowsr than the strongbh computed

ac cording Lo the rale of additivity.

Talle 13 algo gives one & certain understanding of the
prelationship existing Lelween the nominal et.ength of briguettes
and the ph;saosl properties of the origlnal powders dus o the
shape of particles and the volumetric chsracteristice It can U8
gean from Table 13 that the strength of briqueties made f£rom
heavy powders fabricated by pulverisation and possessing rounded
emooth particles 1s consldersbly smaller than for briquattes made
of lighter elootrolytic powdsrs composed of dendribic end reduced
gpongy particles. This is explaired by stronger inberiocking in
briquettes made of powders composed of rovgh perticles. Another

o 109 -
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Leature mizht be poimted out lwre, It Le AALfAcudb to notice

in the case of solt powders made Crom Lin the elfect ol the
atrecture and volumetric characsteristic of the powder on strengthe
wWith respect to harder copper the resistence to sompresgion in
the longitudinal dreotion for briguebtte's made from pulverimed
powders 18 2+2,% times less than for those made from eleoirolybic
and reduced powders, and with regpect to iron, which is aven
harder, the differsnce is even 5-6 times less. Thus the harder
Lhe mebsl the greatar la the sffect of stractural fa toss and the
volumetric characteristics This le o be explained by the fact
that the strongbh of briquebttes made from hard metals is delarw
mined ; rincipelly by "structural® strength depsndent on glructural
factors (paue 79 of the original text), while for those wade fron
soft metals are dependerd on the sbrength of the metal from which

the powdsr 1s madee

Tt should also Le pointsd out that the silect ol the shape
of the rarticles and the volumebtric cheracteristiec of powders dus
1o fgtrvctarsl? strength usually decresses ganewhat with density
and compacting pressure. Ihis isaxlaired by the fact thet dife
Terence bebtwesn smooth and rough particles decrease to a considers
able degree because, op the one hamd; of the smoothening out of
the surface of rough perticles snd the twisting of the profile
of amouth particles during high pressures. One may mote a cerialn
analogy in the levellng oub acbion of compacting and the relsiione
ahip oficompacting pressurs to the physicd. characteristics of
powder (pege T7 of originsl text), Howsvery in comtradistinetion
to the miaﬂonéhip bémaen compacting pressure md the physical
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charscteristics of powider, the ghape of particles and the gtrace
gural strengih qudte srequentiy axert an effect e.on 10 the highest
dengitlen of prlgquetled. Thus, powders with ilab parilcles pro=
duce, with very bigh [ ressurey prigquelttes with en ingignificent
regigtanse 0 comprossloy egpecielly iy the trensvers girection
(sesigtance to remnsion, on the other hard, is les. langitudj,wlly).
hie 15 expladned Wy bhe unfavorable orie.n‘bu’uionl of perbicles (Fle
gure 78) with the w.de slde perpendieular o the [ressurty whioh

alds in the Pormation of jaminated bransverse cradisSe

ragure T8, Coppey Lriqostbe with Flab Parvicie sy

Longitudinel seotione % 500 { Balehin) nirection of Compacting.

a b
rigure 79 ilagrams of Hpiguebies [rom Mt Porbloless

a - nopeaosociobedy - aspociated in cononeratese

This delect may ve corvectad W wndting paxbicle s in mzﬁgl-y»
nereltde ThE Glagran a8 shovn in ilgure 79 esphalns wihyy with the
associabion of parbicies in conglomarales, Yhere dleappears the
hamml}oriemmian {or the wide cross goction pear;:@mﬁiculm' to de

rompaciing PrOGEUTde

Ore can attein guch an sasochation in conlonerates, For @
sopley By ustog agglutinative azeutde Figam 80 shows that after
the adaition bo #he powder mixture of an agglutinant {rutier in ban=
gine) the harnful orientation of copper purticles {pigure 18} dlge
appearse There 4o bo be ogbserved in 1be place & disorderly SWire

1ing of parkicles into glued-together cludps (Figuwre 80)s

w 10T =
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AN @ven more favorsble effact Lon Ve aohileved Ly the 5300%m
ation of perticles in clumpsy 0o1=5 millimpters i alve, daring

high»trmpemmre heatinge

Tormerlys the majority of inveatlgators palisved that emall
particles give greaber strength to briguettes bocauge “the total D=
tact s:rfoce i9 inversely pmpm*mmuﬂ. to the sise of the dromeber
of the particles. such a polnd of view has been stated Ly Suueprs

wald (154), Rekovekly (99), and muy otherse

. . 3 ot > A
Maure 50 Sopper sriquette with an Agolubinant, Vex ticol Dute & 500,
plrection of Compuctlng (Ballshin)e

KA o ras
8
i
o @
]
§ &
‘o - &
2 3 MiLLAmeters

gige of Gwib

3% A Sise
Figurs 83 aeLationsblp of friquette abpength o 342
O Wix? & &

of Driglnal Tron ardt (Bal? shin)e

’ * conbs AL
B o although the tobal eurfacs of conbret for all P
Bowsvery

d sz, he contact
blcles ;wmwé 4in inverse pmyortion to thedr dlemelsly

‘ ‘ 2 4) serving to
sarface of & single layer (page 69 of original tex )

. genond on the dige=
tormine the strength of brigueties does nob depend on
detern ‘

o208 -
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pergion of the jpowder but onmly on the compacting pressure, The
investigations of the author showed that the slze of particlss
exercises Ln the majority of cases only & indirect efiect on
strongth. Where, with a decresse in dispsrsion, thero was an ine
crease in poured welght, the strength drcppéd; However if with a
decrease in & spersion the poured weight did rot change or even
decreased, then sbropgbh incressed. Thus, trigqueties of small pare
tidles of vorticity millepulverized iron had less strength thyn Lri-
quoltes of Jarge partlcles. Figure 81 gives data on the strength
of briquettes mode from reduced iron grit in relation to the size
of the pieces. The poured weight of all the gizes of the ;rit was
the same (1.l grams per cublc cemtimeter), widle the density of
briquettes made from particles of varying size compressed at the
same pressure (LO kilograme per square millimeter) differed only
within the range of precision of measurement (by plus or minug Q.3
percert), It is clearly seen that with vhe excepbion of the finest
particles (less than 0.1 wmillimeter in size) strength grows with

the size of grib.

Flgure 82, Disgrem of the Lffect of Ceometric Factors on the

Tendsnoy of Brigqustites to Fracture,

A = fine powderss sbrong posssibility of forming interparticle
cracks ) and 2, B « coarge powdersj geometric factors hinder

the formation of oracks between particles (Bal'shin).
An explanation for the growth of strength with the sise of

particles was given by the auther n long time ago (h). ¥From & purely
geometrie point of view, largensss of particles helps in atbalning

- 109 =
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briqueties possessing high strength (ee: drewing, Flgure 82), Brie
quettes alweys disintegrate with the formation of interperticle
vracks, Such cracks are usually greater than the dlameter of the
particles, where the slge of particles for one triquetie ia ten
times la rger than for anothery the diameter of the cracks must alaso
be that mery times larger., This is why the formatlon of interpare
ticle cracks i8 casisr with small varticles (Figure 024), and mud:
more difficult for lerie particles (Migwre B2B),

Coldehardening of a powder causes a urigquebtie to have less
sbrengths. The reasons for this can be wxlsrstood from whal has
been sald eariier regarding thw effect of hardmess of mebal (page
96 of original texb).

The obtaindng of durable brigetles le aided by almost all
the factars that contribute to the distribution of densily and proge
sare, such as a carsful pouring of powder into a press mold, twow
sided pressing, cleaning and lubrication of the wails of the press
mold, psrfectly vertical instellation of the dio and matrix, eto,,
in the same way as b"y‘the favorable action of those factors that
decrease the possibility of damaging the briquette when it is being
removed from the mold, such as ly designing the ejecting end of the
matrix with a condcal flare abt an angle of 20 nimites in relation
to the axis of pressurs, eic.

Mary specialisis such as Rostarchuk (10%) and others (13,
158L, 146) attach very serious significence to the effect of air on
the obtaining of durable compactg not incliped to crack. In their
opinion, the inclusion of eir in briqueties is detrimentel to their
durabllity end may even load to cracking.

-uo-

Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8




Declassified in Part - Sanitiz
ed Copy Approved for Releas
e 2012/03/14 : CIA-RDP82-000!
= . -00039R000200070005-8

Metal powders are compressed at a prapsure in the order of
1, 000 kilograms per sguare centimeter. The volume of pores a3 &
regult of this decrsases usually 5«0 times. For this reeson it is
not probable for locked-air to remain at & presvure exceeding 8

atmosphores, Such & prossure ghould not tause crackinge

Elagtic stresses, LOWeVer; axpand the vriquetle irmeasurably
more than pressure caused by lockedsin air, more precisely W 1,000

or 500 times.

One may therely assume that alr does nob play an active role
in the cracking of brigueties. such an active role Lelen s Lo exe
panding strosses which are avsoried during the process of the elas-

tic aftereffect.

Put 4f air i3 nob an inmediate factor causing cracking, it
still plays & passive role as a factor which indirvectly aids in
weakening the briquetie possibly quite congiderably, for [ine pow-
ders with low permeability and fluidity. As Gardl (Guardi) points
out (156), air may decrease the fluidity of powders. A decrease
in the fluidity is connected with unsven dgtribution of density,
super pressure, and a corresponding increase in regidual stressesSe
Al)l these factors help to decrease dumlziii‘oy and increase oracke
ing in brigueties. The air in hindering pouring may also lower the
initial density of packing the powder in the press molds And this
sin ibs turn (page 78 of original bexb) increases compacting pres=
gure and the expanding stresses related to it and thus helps wesken

the strengbh of briquettes.

For this reason the clearance betwesn the die and the malrix

wust have enough space for the free axib of air, In no case should

®1l) =
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there Lbe used a sliding setting of the die.

In latoratory experiments the rte of compression may he glue
died independsnt of the speed of pouring or ejection, In industriald
practice m inorease in the meed of pressing almost dlwaye is tled
to m increase in the epeed of pouring amnd the speed of ajection.

An increase in the speed of pouring may sametimes impalr to
o cortain degree everness in the distribution of powder in the press
mold especially wien the powder exhibite low fuddity and there are
large quanbitles ond o complex shape to the uriquebtes In bhis woy
axcossive apeed of pourdng may have an unfavorable offect on the

gtrangth of & briguette.

Meure 83, The effect of Stopping during the Bjjectlon Procoss

on the formation of racks.

An incre.se in the spesd of ejection; on the other hand, exe
arcises a fovorable action. The expansion of Lriquettes during ejecw
4ion due to the elastic aftereffect dwes not telke place immediataly
bt at the eud of an imterval of time. With slow ejectlon, eppeciale
1y when there ave halts daring the ejection provess, the expanslion
of the part thabt has been ejected, as shown schematically in Figure
83 to e esaggerated degres, may result in the appearance of ringe
1ike eracks abt the boundary between the sjected and not yet ejected

}}(11"@8:

with fast ejection, cracks cammot form ipasmuch a8 the i
metbe vill axpand only after ite comzlete delivery from the proes :
molde

m 112 «
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The spoad of the pressing process (%) does not eronelae Ay

glznlficmt oftect on the strength of hrdquatiens
{goa page 2Lh for Table Uil

Table 1l presents Shpagin's asta (131) showing a certaln
amoant of increase 1n ghrength and density with @ inorease in the

apeed of prassinge

(v) Flstic Properties of Bplquettes

1f the elastiolly modulus of 8 briquette is tasen with re=-
favence Lo it contant gection, its sine will coincide Wi th the value
for the elasticlty modulus for the corragponding conpact metal, Howe
aver, the alasticlty modulus for a brigqette when referred to ite
nominal cross section, i1l be proportional to the sise of its cone

act oross sectlos This mle is expressed by the formala

Fro- =
(he)

o/
shore /4o the nominsl elesticity moduus for the briquetie,
/5 the elasticiby moduluatorthe corregponding ©o pact metal,
&, the perbt occupled in the briqette by the conbach cross 8e0=

wion with relation 10 the nomiral oross® asctions . -

Tormila (42) makesit possible once we Know the elastieiby
modulng for the briguette to deternming the size of its combacht cross

aaction.

Tpagmach ag the gige of the conbact ross section is almosb

"1:}'-3‘
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Tzble .

THE EFFECT OF THE SPEED OF [HESSING ON THE QUALITY CF BRIQUETTES MADE
OF 50 PEACENT COPPER AND 50 PERCENT GRAPHITE

(PRESSURE OF 20 XILOGHAMS PER SQUAKE MILLIMETER ACCOEDING TC SHPAGIN [131]).

Pressing Time Density in grams Hardness Resistance te Compression in
per Cubic Centimeter According to Shor Kilograms per Square Millimeter
1y
. 20 minntes o7 73 o Lo
E 8 =»
i I.e7 'z g8
' L "
EAEE P33 2. &
50 seconds . B
2.09% i7 o . b
L m '
1 u 1. /0 ;7 o . ¥
Z.73 ¥ P
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proportional to thw canpacting pressurc, then the velusy fov the
remdnel modilus of elaghlolty of riquettes made Lfrom o glven powe
dor would also be wlmost proportiond. to the vanpecting pressule (5)e

() Hardness of driquettes

Figure B siowe the figures of a mmber of aithors on tho
relation between Brinell hardness and compaoting pressures As can
be meen from the curvesy with low prossures, hardnese grows almost
proportionslly to the first power of pressure and sometimes even
more. With high presgures hardness increases conglder.bly less
than with the fivst power of pressure, Thexe is thus obtulned &
reletion of the same type us for strength (Figure T6)s Howovery
hardness deviates rem proportional relaticnship to agreater degree
gven with lower pressure than does gtrengthy The reasons for thig

deviabion mey be epleired by the following reasoiSe

Kilogramg
per Suare
ALl imeter
hardnsss pew
P Square Centimster

Figure B, Relationship of Drinell Hardmess to Compaching Pressure.
1, 3 « according to Trehebyatoveidy, 2 - sebleelt, b - Kiefer and Gotop.

(1) A1l the investigators (Figure 8l) determined density for
the upper surface of the briquette closer to the die ‘apd possessing

relatively grester strengbh and denaitys The values for strengbh
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proportionsl to the compacting pressurc, then the volues Sov the
eminal modulus of elastlolty of trdqiebties made fyum o glvan pou=
dur would also be almost proportiond o tho owapacting pressule (5)e

{¢) Hardness of driqueties

Flgurs 8l siows the figures of & number of sithors on the
relation bebween Brinell hardnes: sxd compacting pressure. As can
be seen fron the curvesy with low pressures, hardness grows alnogt
proportionglly to the {lrst power of pressure and sometimes even
1ore. With high prossures hardness increases congdder. iy less
than with the Pirst power of pressure, There is thus obtalmd a
relation of the seme Lype as for etrenglh (Figure T6). However,
hardines deviates £ rom proportiomsl relstionstip to agrester degreo
gven with lower pressure than does strength, The ressons for this

deviabion may be explainsd by the following roastiSe

Kilogramsg
pey Square

HAL imoter

herdness per

P Square Centimaler

wigure Bh. Relabionship of Grinell Hardmess to Compucting Pressure.
1, 3 « according to Trghebyatoveidy, & qebieel'y b = Kiefer and Gotup.

(1) ALl the investigaters (Flguwrs Bls) determined density for
the upper surface of the briquebtte closer to the dleand posseseing
pelatively greater strength and densily. The valuas for strength
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were Getermingd (Gepending ob Lhe direction of compression) elther
Ly the sverage gtrength ol the aptive volume o Uy the strength of
a weakor and less dense cross section, For this reason golidifie
cabion ab high pressure 1s reilectod to a largo axtent in hardnos

than in strengbhe

(2) Ir datmining prinell hardness for alooge hriouetis,
the work of ‘mpressing the bull boils down to 8 displ;mmmm’o of the
deformed volwe of metoal and to a supplementary packing snd golid -
fying the particles of the powdere Such a gupplensnbary racking
incresges the hardnses of lause briqueties. for & goild briquetie
the work of impressing the pall involves only in deplacing the de-
formed volume. Ihis Pactor decre.ges the ppued of growsh of harde

nees durdng pressures
The hardnass Of weiquetbes 1o aubject bto the following Llawge

{1) Hardneas incresses bl compacting prepsurd, denelly, and
gurength of briquebtess Whore residual conbach eurface is equal o
100 parcent, hardness socording to orinsll mast have a value of ono
order with net compacting presmires wiile with 100 percent denelty
for the Lriguette it s egual to the critical stress of the material ¢
Hardnoss decreases very moh with a decrense in the sise of regidual
surfa e ceused by the glastic aftoreifect, For this reason under
conditions of ideutical compasting pressure hardness of briguettes
inoreanes usually nob with @ incrcase bub with a decresse in e
hardness of the melal ofthe original powders Hapduees 5Lls0 depends

conghderabily on the content of admixburese

(2) Yardness is apdootreplic. It is less hoedsontally then

vertically, Ihis is egpenially wotdceatle for hardness acoordlig

» 116 =
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Lo Shor (Plgare T2)e Sueh andsotroplon my Lo explelnzd Ly vhe
rach that the molding pressuwre 1n a longhiuding. dlrection Lo greals
ar vhile the cross secbion of parbicles and pocoglly Ls sealler

[Bwr in a tronsverse daireatlon]

{3) Hardness, corresponding to uneven density, variesfor

different parte of the briguebie (Figare T2)e

glac'mical corductivity of brigusties

Table 15 presents date (168) on electrical conductivity of
powlees Trom different metals, compressed at o pressure of 25 kilow
grans per SolAre millimeter, In comnection with ths very high r@e
glgbomee of nard metalsy ona oM conclude from Takle 15 that a purely
meteilie contact batween thelr particles is ingignificant, Ihe re-
slgtance of uriquetie from very soiv wobals (tin) ds relatively close

4o ths rosizience . the ©1id netale

{gee page LD for fable 15]

spollapge Ln Pressing

me of thes wore serious forms of speilage in pressing ie

that cavsed by cracks, brangverse o dlagonal e

Spoilage in pressing 18 dus to one of the foilowing factors

{or thelr combination)s

1, Improper design of amd defecta in pressc moldse
2, Improper pressing and ejection procediress

3, Poor quility of powderss

""1’»17"
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Hetal of
Powder

Gold
Bismuih

Antimony
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Table 15,

STANCE OF CUMPACTED rCWDERS (165)

Kelation of Resistance of Hetal of
Brigqustie to Hesistence Powder

of Solid Metal

Copper

Platinum

Herd Nickel
Tempered Nickel
Iron

Tungsien
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Relstion of Resistance of
Briguette to Hesistance
of Sclid Metal
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The formebion of cracks 19 nosb Froquentdy daa S0 Jmpropte

denten of and defects in pross malage

wWith ragpect o mmﬂamtxmm@ Pross. moldss thedr dolects
“ cunge Ghe appoearsnse of Laminated cradss in sjoctione I order o
| forestak. the appaNrance of @eh ringlike Laninated cracks, there
ghould be ‘pmvmad a wond.ool orve Lor yne ejsction opening of the
preus mold (ot an wole of .5l dopres, 80¢ drawing of Fagare 83)e
ppeciting A8 als0 anplabed Y wnevennesoes in the walls of vhe pross

mold due bo poor pmulaoture ov HOHT'e

WAL ragpect 77 ateamentling progn molds the PAVBATKAEA of the
wall in prassing op removal of hrlgquebie a8 a reswll of Jmproper
daslon OF aggenbly nf the preps mold causes prigeties %o cnumble
with the Pormaiion of diagonsl opackg. 10 whe majordly of cusesd
guch shifbs o sup during aleh conpacting prosiurete 1n this mane
ner Adngonel avacks BUe ofben dua 0 the joinb aotion of These MO

Lactorss

Tnoasslve compoching pressures 3180 asgiet LD e foymation
of Frangverse Jasnated oracks in mu.-ciim:mtél.mﬁ pross golds. Dlese
pie foruesy which caves the cradks O form, LNCYEASS glways propor . B
pLoanmldy bo the conpactlng pressirs The abrengii of brigueties
cesiating thelr cradeing ineresses yogs repidly (rigare T6)e porr ‘ ' ;
this roason st 8 certein intensity of pressure the rupturing forces ;
of glastiolty over oome the ghtrongth of trigetbes and oause Lhe ap=

i pearence of leminated orackss

sn excessively glow rvemovel of the hriquetles parbioulerly ',

" 1 4¢ there ia a0 interrapblon durdng this operatior nelps in the fore

Z mabion of 1 amipated eradks (dagrahy Lo 83}

Declassified in P:
art - Sanitized C
opy Approved for Release 2012/03/14 : CIA-RDP:
: - 82-00039R0002
00070005-8




Declassified in Part - Sanitized Copy Approved for Release 2012/03/14 : CIA-RDP82-00039R000200070005-8

The appoarance of IJnyors 1o azsisted Wy Al those [actors
which dmre;zze e strength of compests {zmoothy £lab par't.icﬁi.éa., N

hir'h. voured weizht, axidation of nowGATE, inclugion of . m;;.wkmfsa‘ '
nc::d(.:' mixture, soldwnnxdening of particlasy ghey)s  PowdRT wibis

'] n ", 7,.-t o o) n‘k ‘t o n‘.}t on ‘Lhm), )mh‘} Jotads]
aroe ( 8 are O UL GO D2 l\ LR i ‘ W
X § B A ". .‘19 E a9 W3 v 2

with small particles (rigure 81 and 82)e

Pressing OD ratidon

o the forces
T pressing, worls i edng done in opposition to the

N ¢
pormala (25)e

£ conemion, This work way Lo conpubed on e Laais of

ol OoNSulOLe &

'Ep EUARH z',,i\ lomey S ; 1 ] 1- SRRV Il’bl
. n . o g N fe o) o
T hﬁ HOL K O )8 537 'i. A W t 0.{. o § wan Vo LU.!{ [+ ll U.‘ A, f"’ (V,C) ﬂ >

naerlal hat ls, glven worlk
spber of 8 compact wpberial, tHa 1y

hy the Formple

(43)

i G P o tecessary fov conpactdng &

18 B, 3¢ the specliic progeure BEoessary .

l wne e N e the dndex of preasing a8
paterial up Lo 100 percent densilys

| . epbies of the powder

| — —

rormita (25), B connient deperding on the properbies :

: Formadd L€o)y & “ !

5 in the mjorily of capes)y 2wl

{ o varies vetween 3 and ._,
P 4 2 et vu‘m - £ ‘_u: - PRI ae g .
the gpeciliic corpactinyg P ea; T e L ’ |
T p ) |
14 ?1 e |
(hb)
N ! i Wl

ne vilves & and ¥win Lormules (L3) and () ave
If U sy ¥ sl |

Lo i U duced spenilic
! in kilogreme por SG are cenbimetery thay the add |
Ziven lograms §

{ o pop cuble cenbinelers
Lo sentimetor por ,
work l8 exrassed 1 1 Logratmeentil i
!
- 120 - !
]
1
t
|
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in compacting a powder and loss

Where work is expended only

due to friction of the powder against the wall of the press mold

i

may be omitted, than value Puap in formulas (b3) and (LL) may be

repla ced by E;N "

The gpecific wrk of pressing L s L. €., the work of prege-

sing an amount of powder having' during the glven vinal pressure and

density a volume of 1 cubic centimeter can be expressed by the formule

™
L) o= e

(45)

If one were to add up the -dduced work of compacting for

copper under practical conditions of pressing (specilic pressure - :

1,000-6,000 icilograns per 2.5-7), then there wuld be obtained va-

from 3.3 to L5 kilogremepeters pir cutic centimeter, Converw

lues Sel

ting this work into heat, we find thal it corresponds mery times
less energy than what is imparted to the briquette in baking, The

The s ntering temperature for copper is usually 700-850 degrees).

18] =
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